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REAL PARTY IN INTEREST 



The real parties in interest are the University of Pittsburgh, the assignee of this 
application, and Intrexon Corp., a licensee. 

STATUS OF CLAIMS 

Claims 1-31 and 35-40 are pending, and claims 1-26, 30 and 39 are withdrawn. 
Claims 32-34 were cancelled without prejudice or disclaimer. 

Claims 27-29, 31, 35-38, and 40 stand rejected and are being appealed. 

SUMMARY OF CLAIMED SUBJECT MATTER 

Two independent claims, claims 27 and 36, are on appeal. Appellants provide below 
"a concise explanation of the subject matter defined in each of the independent claims 
involved in the appeal, referring to the specification by page and line number." See 37 C.F.R. 
§41.37. 

Claim 27 is directed to a therapeutic composition comprising an antigen presenting 
cell and an immunostimulalatory cytokine or nucleic acid encoding an immunostimulatory 
cytokine. See specification at page 3, paragraph [0008] The antigen presenting cell is not 
loaded or pulsed with antigens. Id. at \ [0027]. The therapeutic composition also comprises 
a pharmaceutical^ acceptable solution or buffer. Id. at U [0040]. The specification explains 
that these therapeutic compositions can be used to treat tumor growth, metastasis, or 
infection. Id. at page 4, paragraph [0008]. 

Claim 36 is directed to a therapeutic composition comprising a pharmaceutically 
acceptable carrier, an antigen presenting cell, and an immunostimulatory cytokine or nucleic 
acid encoding an immunostimulatory cytokine. Id. at page 4, paragraph [0009]. The antigen 
presenting cell is not loaded or pulsed with antigens. Id. at If [0027]. The specification 
explains that these formulations can be used to treat a subject having a tumor, metastasis, or 
infection lesion. Id. at page 16, paragraph [0042]. 
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GROUNDS OF REJECTION TO BE REVIEWED ON APPEAL 



This appeal presents two grounds of rejection for review: 

(1) the rejection of claims 27-29, 31, 35-38, and 40 under 35 U.S.C. § 102(b), as 
allegedly anticipated by Bhardwaj et al., J. Clin. Invest. 98:715-722 (1996), as evidenced by 
Hackstein et al., BLOOD 100(3): 1084-1087 (2002); and 

(2) the rejection of claims 27-29, 31, 35-38, and 40 under 35 U.S.C. § 102(b), as 
allegedly anticipated by Kelleher et al., INT'L IMMUNOLOGY 10(6):749-755 (1998). 

ARGUMENT 

The rejections should be withdrawn as both legally and factually flawed. The claims 
are directed to a "therapeutic composition." In rejecting the claims, the Examiner disregards 
the preamble recitation of a "therapeutic composition." Yet, in this instance the preamble 
breathes life and meaning into the claims, and Appellants relied on and continue to rely on the 
preamble to distinguish the prior art. Accordingly, the Examiner's disregard of the preamble 
is legal error. 

The Examiner also concludes that the prior art compositions, which are simply cell 
cultures, are "therapeutic compositions" because they are "physiologically compatible." This 
conclusion is the manifestation of an unreasonable claim construction and is also contradicted 
by the evidence of record. 

A. Preambles Can Limit Claim Scope 

The determination of whether a preamble limits a claim is made on a case-by-case 
basis in light of the facts in each case. Catalina Mktg. Int'l v. Coolsavings.com, Inc., 289 
F.3d 801, 808, 62 USPQ2d 1781, 1785 (Fed. Cir. 2002). In performing an analysis, the entire 
claim should be considered along with the specification to determine what the inventors 
intended to be encompassed by the claim. Corning Glass Works v. Sumitomo Electric U.S.A., 
Inc., 868 F.2d 1251, 1257 (Fed. Cir. 1989); Pitney Bowes, Inc. v. Hewlett-Packard Co., 182 
F.3d 1298, 1305, 51 USPQ2d 1161, 1165-66 (Fed. Cir. 1999). 
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The preamble should be limiting if it is "necessary to give life, meaning, and vitality" 
to the claim when read as a whole. Pitney Bowes, Inc. v. Hewlett-Packard Co., 182 F.3d 
1298, 1305 (Fed. Cir. 1999) (quotations omitted) (citations omitted). The repeated reference 
to the preamble in the specification and an indication that it constitutes an important 
characteristic of the invention is sufficient to make the preamble limiting. Poly-America, L.P. 
v. GSE Lining Tech., Inc., 383 F.3d 1303, 1310 (Fed. Cir. 2004). 

"[C]lear reliance on the preamble during prosecution to distinguish the claimed 
invention from the prior art transforms the preamble into a claim limitation because such 
reliance indicates use of the preamble to define, in part, the claimed invention." Catalina 
Mktg. Int'l v. Coolsavings.com, Inc., 289 F.3d 801, 808 (Fed. Cir. 2002). The reliance can 
take the form of amending the claims to add the limitation. Invitrogen Corp. v. Biocrest Mfg., 
L.P., 327 F.3d 1364, 1370 (Fed. Cir. 2003). The reliance can also be based on arguments 
distinguishing the prior art based on the preamble. In re Cruciferous Sprout Litig., 301 F.3d 
1343, 1348 (Fed. Cir. 2002). 

B. "Therapeutic Composition" Serves As A Limitation (Claims 27-29, 31, 35- 
38 and 40) 

When read on the proper context, one of skill in art would understand the term 
"therapeutic composition" to breath life and meaning into the claims. The specification is 
replete with references to the therapeutic importance of the claimed invention. Indeed, the 
Field of the Invention section states that "the invention is directed to the use of co- 
administration of antigen presenting cells and immunostimulatory cytokines to treat tumors 
or infections" Spec, at If [0003] (emphasis added). Consistent with the Field of the 
Invention section, the Summary of the Invention section states that the "instant invention 
relates to methods and reagents for treating a tumor or infection by administering an 
immunostimulatory cytokine, or a nucleic acid encoding an immunostimulatory cytokine, in 
combination with antigen presenting cells into or near a tumor or infectious lesion." Spec, 
at i| [0007] (emphasis added). The remaining portions of the specification provide details on 
the therapeutic composition and how they can be administered to "treat [] a tumor or 
infection." Thus, the specification leaves no doubt. The invention is not directed to mere 
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cultures. Rather, the invention is directed to, inter alia, therapeutic compositions "to treat 
tumors or infections." 

The claim language itself emphasizes that the "therapeutic composition" language 
breathes life and meaning into the claims. Claims 27 and 36 recite "a physiologically 
acceptable solution or buffer" and "a pharmaceutically acceptable carrier," respectively. 
Unless the claims were directed to "therapeutic compositions," there would be no reason for 
this language. Cell cultures do not need to include physiologically acceptable solutions or 
buffers or pharmaceutical carriers. This language only makes sense when considered with the 
"therapeutic composition" preamble. Thus, the claims themselves, when considered as a 
whole, confirm that the "therapeutic composition" language is intended to breath life and 
meaning into the claims. Aventis Pharms., Inc. v. Barr Labs., Inc., 341 F. Supp. 2d 502, 509 
(D.NJ. 2004) (holding "pharmaceutical composition" in preamble to be limiting). 

Moreover, Appellants have repeatedly relied on the "therapeutic composition" 
language to distinguish the prior art, which discloses cell cultures with no suggestion of 
therapeutic applicability. Accordingly, Appellants have defined the claimed invention, in 
part, based on the preamble. Accordingly, the preamble constitutes a claim limitation. 
Catalina Mktg. Int'l v. Coolsavings.com, Inc., 289 F.3d 801, 808 (Fed. Cir. 2002); In re 
Cruciferous Sprout Litig., 301 F.3d 1343, 1348 (Fed. Cir. 2002). 

C. The Prior Art Does Not Teach The Claimed "Therapeutic Composition" 

1. The Prior Art Teaches Cell Cultures Rather Than Therapeutic 
Compositions 

It is undisputed that the Bhardwaj and Kelleher do not teach or suggest a therapeutic 
application. Instead, Bhardwaj and Kelleher disclose cell cultures developed in the course of 
general scientific research. Specifically, Bhardwaj discloses a cell culture system that has 
both IL-12 and dendritic cells, which are either infected with influenza or uninfected. These 
compositions were used to evaluate the role of EL- 12 in generating cytolytic T lymphocyte 
(CTL) responses to influenza virus. Kelleher discloses a cell culture system comprising 
dendritic cells. IL-12 was added to some of these cultures to determine "whether IL-12 
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administration during DC maturation altered cell numbers, phenotype and function." 
Kelleher at 749, right col. Neither of these references discloses a "therapeutic composition," 
as claimed. 

One of skill in the art would understand a "therapeutic composition" as follows: 

a composition suitable for administration to a patient for the treatment of 
some disease or condition. Therapeutic compositions are formulated so as to 
preserve the stability of the active agents while making the composition 
biologically compatible. Thus, a therapeutic composition is more than just an 
active agent. A therapeutic composition contains one or more active agents 
formulated such that they can be safely administered to patients for the 
treatment of some disease or condition. 

Declaration Under 37 C.F.R. § 1.132 of Michael T. Lotze ("Lotze Decl"), submitted June 29, 
2007, at % 7. Bhardwaj and Kelleher do not teach suggest a composition. Rather, the 
references teach cell cultures designed to explore the role of IL-12. Nothing in Bhardwaj and 
Kelleher teaches or suggests that the cultures have any therapeutic value, much less that they 
should be formulated to be safely administered to patients. Accordingly, Bhardwaj and 
Kelleher do not teach or suggest the claimed invention. 

2. The Prior Art Cultures Are Incompatible With "Physiological 
Composition" 

The Examiner contends that the cultures of Bhardwaj and Kelleher constitute 
"therapeutic compositions" because "[c]ells in culture are considered to be compatible with 
physiological conditions an not incompatible with therapeutical use." Office Action dated 
April 10, 2008 at If 5. This contention fails for two reasons. 

First, the contention is premised on a legally flawed claim construction. The broadest 
reasonable interpretation of claims must be used during examination, but "[t]he broadest 
reasonable interpretation of the claims must also be consistent with the interpretation that 
those skilled in the art would reach." MPEP § 21 1 1. The broadest reasonable interpretation 
is based on the "ordinary and customary meaning" claim terms would have to one of ordinary 
to skill in the art. MPEP § 21 1 1.01(H). 
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One of skill in the art understands that a "therapeutic composition" is a composition 
suitable for administration to a patient for the treatment of some disease or condition and 
contain an active agent along with addition components to preserve the active of the active 
agent. Lotze Decl. at Iffl 7, 9. Thus, even if cell culture may be "physiologically 
compatible," one of skill in the art would not necessarily understand that culture to be a 
"therapeutic composition." In order to be a "therapeutic composition," there must be some 
indication that the composition should actually be used in that manner (i.e. administered to a 
patient). Id. Accordingly, the broadest reasonable construction of "therapeutic composition" 
requires something more than mere physiological compatibility. 

Second, even if a "therapeutic composition" could be reasonably construed to be any 
physiologically compatible composition, the prior art does not disclose a physiologically 
compatible composition. 

Bhardwaj's cell culture is not "physiologically compatible" because Bhardwaj's crude 
culture contains agents, such as impurities, antithetical to a "therapeutic composition." Lotze 
Decl. at T| 10. Moreover, Bhadwaj's cell cultures are "infected with a live or heat-inactivated 
influenza virus." Bhardwaj, page 716, left column. Such a composition could cause serious 
complications if it were to be administered to a patient. Lotze Decl. at \ 10. Accordingly, 
one of skill in the art would consider Bhardwaj's cell culture to be unsuitable for use as a 
therapeutic agent. Id. 

Nor is Kelleher's culture "physiologically compatible," because Kelleher's culture 
contains, "RPMI 1640 (Dutch modification; Sigma, Poole, UK) supplemented with 10% FCS 
(Gibco, Paisley, UK), 100 U Penicillin (Gibco), 100 ^g/ml streptomycin (Gibco), 2 mM 
glutamine (ICN Flow, Irvine, UK), 2 mercaptoethanol 10" 5 M (Sigma)." Kelleher, p. 750. 
One of skill in the art would understand that administration of several components Kelleher's 
culture, such as FCS (fetal calf serum) and 2-mercaptoethanol, could cause serious 
complications if it were to administration to a patient. Lotze Decl. at K 10. Accordingly, the 
cultures of Bhardwaj and Helleher are not "physiologically compatible" as "therapeutic 
components." 
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D. Conclusion 



Appellants respectfully request that the rejections of claims 27-29, 31, 35-38 and 40 
be reversed because the rejections are unsupported by the law or the evidence of record. 

Respectfully submitted, 



Date November 10, 2007 By 



FOLEY & LARDNER LLP Stephen A. Bent 

Customer Number: 22428 Attorney for Appellants 

Telephone: (202) 672-5404 Registration No. 29,768 
Facsimile: (202) 672-5399 
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CLAIMS APPENDIX 



1 . (Withdrawn) A method of inhibiting or treating a tumor or infectious lesion in a 
subject, comprising: administering into or near a site of a tumor or infectious lesion in a 
subject an effective amount of an antigen presenting cell and an immunostimulatory cytokine 
or a nucleic acid encoding an immunostimulatory cytokine. 

2. (Withdrawn) The method of claim 1, wherein the antigen presenting cell is a 
dendritic cell. 

3. (Withdrawn) The method of claim 2, wherein the dendritic cell is selected from the 
group consisting of a CD34+-derived dendritic cell, a bone marrow-derived dendritic cell, a 
monocytederived dendritic cell, a splenocyte derived dendritic cell, a skin-derived dendritic 
cell, a follicular dendritic cell, and a germinal center dendritic cell. 

4. (Withdrawn) The method of claim 1, wherein the dendritic cell is a CD34+-derived 
dendritic cell cultured in the presence of at least one factor selected from the group consisting 
of granulocyte colony stimulating factor, granulocyte macrophage colony stimulatory factor, 
tumor necrosis factor alpha, interleukin 4, the Flt-3 ligand, and the kit ligand. 

5. (Withdrawn) The method of claim 1, wherein the antigen presenting cell is selected 
from a group consisting of a Langherhans 1 cell, an interdigitating cell, a B cell, and a 
macrophage. 

6. (Withdrawn) The method of claim 1, wherein the immunostimulatory cytokine is 
selected from the group consisting of interleukin-la., interleukin-ip, interleukin-2, interleukin-3, 
interleukin-4, interleukin-6, interleukin-8, interleukin-9, interleukin-lO, interleukin- 12, 
interleukin- 18, interleukin- 19, interleukin-20, interleukin-23, interleukin-27, interleukin-lf3, 
interleukin- lf5, interleukin- lf6, interleukin-lf7, interleukin-lf8, interleukin-lf9, interleukin-lflO, 
interferon-a., interferon-P, interferon-y, tumor necrosis factor a, transforming growth factor-p, 
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granulocyte colony stimulating factor, macrophage colony stimulating factor, granulocyte- 
macrophage colony stimulating factor, the Flt3 ligand, and the kit ligand. 

7. (Withdrawn) The method of claim 1, wherein the expression vector is a viral 

vector. 

8. (Withdrawn) The method of claim 2, wherein the expression vector is selected from 
the group consisting of an adenoviral vector, an adeno-associated viral vector, a retroviral 
vector, a lentiviral vector, a herpes viral vector, and a vaccinia viral vector. 

9. (Withdrawn) The method of claim 1, wherein the subject has a tumor selected from 
the group consisting of melanoma, hepatoma, adenocarcinoma, colorectal cancer, basal cell 
cancer, oral cancer, nasopharyngeal cancer, laryngeal cancer, bladder cancer, head and neck 
cancer, renal cell cancer, pancreatic cancer, pulmonary cancer, cervical cancer, ovarian 
cancer, esophageal cancer, gastric cancer, prostate cancer, testicular cancer, and breast cancer. 

10. (Withdrawn) The method of claim 1, wherein the size of the tumor or infectious lesion is 
decreased. 

11. (Withdrawn) The method of claim 1, wherein said administering step comprises 
injecting into the tumor or infectious lesion. 

12. (Withdrawn) The method of claim 1, wherein said administering step comprises 
injecting the subject within the same organ as the tumor or infectious lesion. 

13. (Withdrawn) A method of inhibiting or treating metastasis of a tumor in a subject, 
comprising: administer into or near a site of a tumor in a subject an effective amount of an 
antigen presenting cell and an immunostimulatory cytokine or a nucleic acid encoding an 
immunostimulatory cytokine. 

14. (Withdrawn) The method of claim 13, wherein the antigen presenting cell is a 

-9- 
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dendritic cell. 



15. (Withdrawn) The method of claim 14, wherein the dendritic cell is selected from 
the group consisting of a CD34+-derived dendritic cell, a bone marrow-derived dendritic cell, 
a monocyte-derived dendritic cell, a splenocyte derived dendritic cell, a skin-derived dendritic 
cell, a follicular dendritic cell, and a germinal center dendritic cell. 

16. (Withdrawn) The method of claim 13, wherein the dendritic cell is a CD34+- 
derived dendritic cell cultured in the presence of at least one factor selected from the group 
consisting of granulocyte colony stimulating factor, granulocyte macrophage colony 
stimulatory factor, tumor necrosis factor alpha, interleukin 4, the Flt-3 ligand, and the kit 
ligand. 

17. (Withdrawn) The method of claim 13, wherein the antigen presenting cell is 
selected from a group consisting of a Langherhans' cell, an interdigitating cell, a B cell, and a 
macrophage. 

18. (Withdrawn) The method of claim 13, wherein the immunostimulatory cytokine is 
selected from the group consisting of interleukin- la, interleukin- 1 p, interleukin-2, 
interleukin-3, interleukin-4, interleukin-6, interleukin-8, interleukin-9, interleukin- 10, 
interleukin- 12, interleukin- 18, interleukin- 19, interleukin-2 0, interleukin-23, interleukin-27, 
interleukin- ID, interleukin- lf5, interleukin- lf6, interleukin- lf7, interleukin- lf8, interleukin- 
lf9, interleukin- lflO, interferon-a, interferon-p, interferon-y, tumor necrosis factor a, 
transforming growth factor- p, granulocyte colony stimulating factor, macrophage colony 
stimulating factor, granulocyte-macrophage colony stimulating factor, the Flt3 ligand, and the 
kit ligand. 

19. (Withdrawn) The method of claim 13, wherein the expression vector is a viral 

vector. 
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20. (Withdrawn) The method of claim 13, wherein the expression vector is selected 
from the group consisting of an adenoviral vector, an adeno-associated viral vector, a 
retroviral vector, a lentiviral vector, a herpes viral vector, and a vaccinia viral vector. 

21. (Withdrawn) The method of claim 13, wherein the subject has a tumor selected 
from the group consisting of melanoma, hepatoma, adenocarcinoma, colorectal cancer, basal 
cell cancer, oral cancer, nasopharyngeal cancer, laryngeal cancer, bladder cancer, head and 
neck cancer, renal cell cancer, pancreatic cancer, pulmonary cancer, cervical cancer, ovarian 
cancer, esophageal cancer, gastric cancer, prostate cancer, testicular cancer, and breast cancer. 

22. (Withdrawn) The method of claim 13, wherein the size of the tumor or infectious 
lesion is decreased. 

23. (Withdrawn) The method of claim 13, wherein the size of the metastasis is 
decreased. 

24. (Withdrawn) The method of claim 13, wherein the number of the metastases is 

25. (Withdrawn) he method of claim 13, wherein said administering step comprises 
injecting into the tumor or infectious lesion. 

26. (Withdrawn) The method of claim 13, wherein said administering step comprises 
injecting the subject within the same organ as the tumor or infectious lesion. 

27. (Previously Presented) A therapeutic composition comprising (a) a physiologically 
acceptable solution or buffer, (b) em antigen presenting cell, and (c) an immunostimulatory 
cytokine or a nucleic acid encoding an immunostimulatory cytokine, wherein the antigen 
presenting cell is not loaded or pulsed with antigens. 

28. (Previously Presented) The composition of claim 27, wherein the antigen 
presenting cell is a dendritic cell. 

-11- 
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29. (Previously Presented) The composition of claim 28, wherein the dendritic cell is 
selected from the group consisting of a CD34+-derived dendritic cell, a bone marrow-derived 
dendritic cell, a monocyte-derived dendritic cell, a splenocyte derived dendritic cell, a skin- 
derived dendritic cell, a follicular dendritic cell, and a germinal center dendritic cell. 

30. (Withdrawn) The composition of claim 27, wherein the antigen presenting cell is 
selected from a group consisting of a Langherhans 1 cell, an interdigitating cell, a B cell, and a 
macrophage. 

3 1 . (Previously Presented) The composition of claim 27, wherein the 
immunostimulatory cytokine is selected from the group consisting of interleukin-la, 
interleukin-lp, interleukin-2, interleukin-3, interleukin-4, interleukin-6, interleukin-8, 
interleukin-9, interleukin-10, interleukin-12, interleukin-18, interleukin-19, interleukin-20, 
interleukin-23, interleukin-27, interleukin-lf3, interleukin-lf5, interleukin-lf6, interleukin-lf7, 
interleukin-lf8, interleukin-lf9, interleukin-lflO, interferon-a, interferon-P, interferon-y, tumor 
necrosis factor a, transforming growth factor- p, granulocyte colony stimulating factor, 
macrophage colony stimulating factor, granulocyte-macrophage colony stimulating factor, the 
Flt-3 ligand, and the kit ligand. 

32. -34. (Canceled). 

35. (Previously Presented) The composition of claim 27, further comprising a carrier. 

36. (Previously Presented) A therapeutic composition comprising (a) a 
pharmaceutically acceptable carrier, (b) an antigen presenting cell, and (c) an 
immunostimulatory cytokine or a nucleic acid encoding an immunostimulatory cytokine, 
wherein the antigen presenting cell is not loaded or pulsed with antigens. 

37. (Previously Presented) The composition of claim 36, wherein the antigen 
presenting cell is a dendritic cell. 

-12- 
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38. (Previously Presented) The composition of claim 37, wherein the dendritic cell is 
selected from the group consisting of a CD34+-derived dendritic cell, a bone marrow-derived 
dendritic cell, a monocyte-derived dendritic cell, a splenocyte derived dendritic cell, a skin- 
derived dendritic cell, a follicular dendritic cell, and a germinal center dendritic cell. 

39. (Previously Presented) The composition of claim 36, wherein the antigen 
presenting cell is selected from a group consisting of a Langherhans* cell, an interdigitating 
cell, a B cell, and a macrophage. 

40. (Previously Presented) The composition of claim 36, wherein the 
immunostimulatory cytokine is selected from the group consisting of interleukin-la, 
interleukin-ip, interleukin-2, interleukin-3, interleukin-4, interleukin-6, interleukin-8, 
interleukin-9, interleukin-10, interleukin-12, interleukin-18; interleukin-19, interleukin-20, 
interleukin-23, interleukin-27, interleukin-lf3, interleukin-lf5, interleukin-lf6, interleukin-lf7, 
interleukin-lf8, interleukin-lf9, interleukin-lflO, interferon-a, interferon-P, interferon-y, 
tumor necrosis factor a, transforming growth factor- p, granulocyte colony stimulating factor, 
macrophage colony stimulating factor, granulocyte-macrophage colony stimulating factor, the 
Flt3 ligand, and the kit ligand. 
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EVIDENCE APPENDIX 

Declaration Under 37 C.F.R. § 1.132 of Michael T. Lotze submitted June 29, 2007. 
Bhardwaj et al., J. Clin. Invest. 98:715-722 (1996). 
Hackstein et al., Blood 100(3):1084-1087 (2002). 
Kelleher et al. Int'l Immunology 10(6):749-755 (1998). 
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I, Michael T. Lotze, declare as follows: 

1 . 1 am one of the inventors named on the captioned application. 

2. My education includes a B.Med. Sciences, as well as an M.D.. from 
Northwestern University and its Medical School. 

3. I am a board licensed physician with board certifications in surgery and 
surgical oncology. Cun-ently, I am Professor of Surgery and Bioengineering; Associate 
Director UPCI for Strategic Partnerships; Vice Chair of Research in the Department of 
Surgery; and Assistant Vice Chancellor for Sponsored Trainine Grants. University of 
Pittsburgh Schools of the Health Sciences. 

4. In addition to my clinical duties, I perform research regarding the role of the 
immune system in cancer and the potential for using immune responses to treat cancer. I am 
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currently most interested in using natural killer (NK) cells and dendritic cells for cancer 
therapy. We have a National Cancer Institute funded Program Project Grant in this area. 

5. My curriculum vitae is attached as Exhibit A. 

6. I have read and understand the Office Action dated March 7, 2007 regarding 
the captioned application. I understand that the Office Action contends that claims 27-29 and 
31-35 are anticipated by Bhardwaj et a/., J. Clin. Invest. 98:71 5-722 (1996) as evidenced by 
Hackstein et al., Blood 100(3): 1084- 1087 (2002) and Keileher et ah Int'l Immunology 
10(6):749-755 (1998). I disagree. 

7. Physicians and medical researchers understand a "therapeutic composition" to 
be a composition suitable for administration to a patient for the treatment of some disease 
condition. Therapeutic compositions are fomiulated so as to preserve the stability of the 
active agents while making the composition biologically compatible. Thus, a therapeutic 
composition is more than just an active agent. A therapeutic composition contains one or 
more active agents formulated such that they can be safely administered to patients for the 
treatment of some disease or condition. 



or 



8. Turning to the references cited by the Office Action, Bhardwaj and Keileher 
disclose cell cultures generated as part of research. More specifically, Bhardwaj discloses a 
cdbata that has both IL-12 and dendritic cells, which are either infected with influenza or 
uninfected. These compositions were used to evaluate the role of IL-12 in generating 
cytolytic T lymphocyte (CTL) responses to influenza virus. Keileher discloses cultures 
comprising dendritic cells. IL-12 was added to some of these cultures to detennine 'Svhether 
BL-12 administration during DC maturation altered cell numbers, phenotype and function." 
Keileher at 749, right col. The dendritic cells were cultured in "RPM1 1640 (Dutch 
modification; Sigma, Poole, UK) supplemented with 10% FCS (Gibco, Paisley, UK), 100 U 
Penicillin (GibcoX 100 ug/ml streptomycin (Gibco), 2 mM glutamine (ICN Flow, Irvine, 
UK), 2 mercaptoethanol 10' 5 M (Sigma)." Id. 

9. Physicians and medical researchers would not understand Bhardwaj and 
Keileher to disclose a "therapeutic composition." Bhardwaj and Keileher disclose cell 
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cultures, as 1 discussed above. Nothing in these references suggests that the cell cultures have 
any therapeutic value. The cultures were simply used to investigate the role oflL-12. 
Accordingly, a physician reading Bhardwaj and Keileher would not consider their cell 
cultures to be "therapeutic compositions." 

10. In addition, one of skill in the art would not consider the cultures of Bhardwaj 
and Keileher to be "compatible with physiological conditions." These raw cell cultures 
would contain contaminants and impurities that may cause potentially serious reactions in 
patients. Many components of raw cell cultures have inhibitory proteins that are known, such 
as IL10 or TGFfJ. or other elements which are unknown. Accordingly, a physician would not 
consider the cell cultures of Bhardwaj and Keileher to be suitable for use "therapeutic 
composition(s]." 



1 hereby d ™ 1 n re m at «" ™° stat e m e nts made herein u fm v ow„ knowledge are true and 

that all statements made on information and belief are believed to be true; and further, that 
these statements are made with the knowledge that willful false statements are so made 
punishable by fine or imprisonment, or both, under Section 101 of Title 18 of the United 
States Code and that such willful raise statements may jeopardize the validity of the 
application or any patent issuing thereon. 

Dated: June 29, 2007 
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14 



i 



Best Available Copy 

o 



o 



1 994 NIH Committee (Mail Ballot-Scientific Meetings and Conferences). 

1 994 Sommer Memorial Lecture, Portland, Oregon; April 2 1 -22, 1 994. 

1994 Site Visit Chairman, NIH PO1-CA64254-01. Brain Tumor Gene Therapy; June 

14-16, 1994 

1 994 Plenary Speaker, Centennial Celebration of the Royal Victoria Hospital- 
June 9, 1994 

1 995 EJ Tabah Lectureship, McGill University; March 13-15, 1 995. 

1 995 First Peter Finke Lecturer; Memorial Sloan Kettering; Sept. 1 5, 1 995. 

Coorganizer, New York Academy of Sciences Symposium: Interleukin 12; An 
important regulatory cytokine. November 9-12, 1995; NYC. 



1995 



1 996 Reverse Site Visit Committee Stanford University Medical Center General 

Clinical Research Center; July 30, 1996; Rockville, MD. 



1 996 Site Visit Committee; Laboratory of Experimental Immunology; Div of Basic 

Sciences; NCI; Frederick, MD; November 5, 1996. 

1 996 McCutcheon Lectureship, University of Toronto; November 8, 1 996. 

1 997 Distinguished Lecturer, Robert Wood Johnson UMDNJ; January 1 5, 1 997. 

1 997 Coorganizer, Keystone Symposium on Cellular Immunology and the 

Immunotherapy of Cancer; Copper Mountain, February 1-7, 1997. 

1 997 Distinguished Lecturer, Westmoreland Hospital; Greensberg, PA 

1 997 University of Pittsburgh Cancer Institute Scientific Leadership Award 

1 998 Coorganizer, 5th International DC Meeting; Pittsburgh; September 24-28, 1 998. 

1 998 Coorganizer, 1 3th Society for Biological Therapy Meeting, Pittsburgh; October 

2 1 -2 1,1 998. 

1998-2001 Visiting Professor of Oncology, Shanghai Medical University (SMU) 
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2000 Coorganizer, American Association of Cancer Research Special Meeting on 

Cytokines; Vail Colorado; September 20-23, 2000. 

2000 Visiting Professor; Wistar Instititute; Philadelphia, PA; April 28, 2000. 
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2004, 2005 Ad Hoc Member, Clinical Oncology Study Section, NCI 

2005 Member NCI Review Committee, Metabolism Branch, NCI 

2005 Hillman Award Recipient, UPCI 
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Jurkat-derived IL-2; Personal IND and clinical protocol with Dupont 

Recombinant IL-2; Intraperitoneal administration; Cetus - IND holder; NCI protocol 

PharnTaceuUcah" 45 ^ ^ * a,one/combination wi * IL-2; Sterling 

Recombinant IL-2 and Immunoglobulins; IND with FDA to MTL; with Cetus 

Presentation to RAC on Neo-transfected TILs for cancer therapy 

IND IL-2 and activated natural killer cells for regional infusion 



1 992 IL-4 Gene Therapy; RAC/FDA IND/IRB submissions 



2003 



1995 IL-12 Gene Therapy; RAC/FDA IND/IRB submissions 

Presentation to FDA on rIL-2 for Chiron for licensing in melanoma 

1 998 DC based therapy of melanoma; FDA IND/IRB submissions 

200 1 Pre-IND and IND meetings for GlaxoSmithKline on IL- 1 8 protein therapy 
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2004 Protocol development, combined biochemotherapy of melanoma 
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11/95 
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02/97 



Nl u,} » 01 CA 58272 - 01 "Locoregional ALT with autologous IL-2, activated NK 
cells , Principal Investigator, $800,000. 

NIH JPOl CA59371-01 "Gene Therapy of Cancer - Immunological Approaches- 
Principal Investigator, $750,000. 

NIH 1ROA CA56088-01 Al "Specific T-cell Recognition of Human Melanoma", 
Principal Investigator, $ 1 00,000. 

NIH IROl CA 57804-01A1 "Identification of Class I Presented Peptides" Co- 
Principal Investigator, $466,808. 

VA RAG "Breaking Tolerance with Cytokine Based Cancer Immunotherapy" 
Coinvestigator, $68,000. ' 

Schering Plough Research Institute. "Gene Therapy with IL-4, IL-10, vIL-10 and 
interferon alpha", Principal Investigator, $1,000,000. 

NIH (1RO1CA63350-01) "Dendritic Cell Based Therapi es De s igned for Murine 
Tumors , Co-Principal Investigator, $1,060,434. 

NIH (NCI-CM-4700 1-64) "Clinical Trials of Biologic Response 
Modifiers", Principal Investigator, $2,874,341 . 

NIH (NCI- 1 R21CA69 106-01) "Emulsion Based Therapy of Cancer" 
Coinvestigator, $96,000. 

NIH (NCI-1P01 CA 68067-01) "Cytokine Gene Therapy of Cancer", Principal 
Investigator, $4,261,226. P 

NIH (1 R13 CA68006-01) "Interleukin 12: Immunology of a Regulatory 
Cytokine",Principal Investigator, $47,900. 

NIH lPOl DEI 2321. "Vaccine Development for Head and Neck Cancer " 
Principal Investigator, Project 3. PI Dr. Theresa Whiteside, $2,500,000. 

NIH NCI 1 UO1CA74329-01 . "Clinical Trials of Biological Response Modifiers. 
Principal Investigator, $550,951. 

NIH 1R13CA73576-01. "Conference on Cellular Immunology of Cancer " 
Principal Investigator, $50,000. 
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1 1/97 
1 1/97 

1998 

01/98-12/02 
09/98-09/02 



NIH NCI-lROlCA73816-01."Dendritic cells elicit effective antitumor 
responses," Coinvestigator (PI, Walter J. Storkus), $1,429,008. 

NIH NCI 1PO1DE12321-01. "Vaccine Development for Oral Carcinoma » 
Principal Investigator, Project 1 . PI Dr. Theresa Whiteside, $2,600,000 

NIH NCI-1PO1CA73743-01. "DC Biology and Therapy", CoPI, $9,978,000. 

NCI-1K12CA76906-01. "Biologic Therapy Research Career Development 
Program. Co Principal Investigator, $ 1 ,660,37 1 . 

Argonex, Inc. "Identification of T-cell targets in colorectal and ovarian 
carcinoma." Principal Investigator, $137,952. 

NIH NCI 1PO1CA7374301A1 "Dendritic Cell Biology and Therapy Princioal 
Investigator, $9,021,156. mcrapy. principal 

PAR-97-080 "Novel HIV Therapies: Integrated Preclinical/Clinical Program"- 
Project 4: Dendritic Cell Therapy for HIV: Role of Cytokines on Enhanced T-cell 
Function"; Total $1,380,101; PI Michael Lotze, CoPI Cara Wilson 



Uo/U 1/99-05/30/04 

03/00-02/05 

04/00-03/05 
7/8/05-6/30/10 

3/1/04-2/29/08 

04/01/04 

06/01/04 
04/01/04 



Tn?.^^ n S, g ^ A i DS ' STDS and Emer g in 8 Infections;" Pi David Tweardy; 
Total $747,573; Mentor/Training Faculty 

NI ^ CI u 1 ^ O1CA 82016-01 A29 "Melanoma Associated T & DC Dysfunction 
and Death. Principal Investigator, $1,676,406. 

NIHNCI 2PO1CA68067 Cytokine Gene Therapy of Cancer, CoPI, $9,861,090 

1 POl CA 101944-01 A2 (Lotze, Michael T) Integrating NK and DC into Cancer 
Therapy National Cancer Institute $11,000,064 60% 

1 ROl CA 100415-01 $1, 189,733; Development of a tumor selective 

replicating vaccinia; David L. Bartlett, PI; MTL, coinvestigator 10% 

RFA-RM-04-005 National Technology Centers for Networks and Pathways 
Fluorescent Probes and Imaging for Pathways; Alan S. Waggoner PI- National 
Institutes of Health; $14,435,640; Michael T Lotze Co-PI; 30% 

lPOl CA 1 13698-01; Regional Therapy of Cancer; Submitted to the NCI- "3 
projects; 3 cores; Principal Investigator, CoPI, David Bartlett; $10M EDRN 

Project 2: Luminex Multianalyte and SELDI-TOF-MS Serum Proteomic Profiling 
of Pancreatic Cancer; Herbert J. Zeh, PI; Michael T. Lotze, 1 0% 

19 



Best Available Copy 

o o 



07/01/04 

09/01/04 

10/01/04 

10/01/05-9/30/10 

12/1/05-11/30/07 

4/01/06-3/30/11 

4/01/06 



,R 2!P^ 106534 " 01 Detection of Molecular Markers of Melanoma and Response 
to IFN Therapy; CoPI, JM Kirkwood, MT Lotze, WL Bigbee; 10%; $1,850,000 

Tolerogenic DC Therapy for Thoracic Organ Transplant. PI Kenneth R. McCurry- 
Coinvestigator, Michael Lotze; 5% + technical support 50%; $ 1 ,843,745 

NIDDK; Chronic Inflammation of the Liver. PI Anthony J. Demetris- Co-PI 
Michael T. Lotze; 30%; $5,000,000 

S^iLS* Inflammation - PI Michael T Lotze; Co-PI, Mitchell Fink; 30%; 
40,000,000 

1 R21 CA1 15059-01 A 1 (Bartlett, David L) $750,000 10% MTL and 10% 
Richard DeMarco Isolated Hepatic Perfusion with Oxaliplatin 

AP4 Proposal to NCI [Lilly, DPCI, Cel lumen/Pittsburgh Life Sciences 
Greenhouse] Ronald B Herberman CoPI, Michael T. Lotze 40% $6 750 000 
Submitted ' 

Shared Instum entation Grant to the NCRR. $532.000 VT1 rvilnmi™ ArrayScan 



4/15/06 



Cytometer 

Interdisciplinary Research Proposal to NIH 
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Patents 



SS£ SS2^i%^S ,sola,ion of T " cells Epi,opes from viable ce " s by miW acid 

Baar Joseph, Michael T. Lotze. Interferon/gamma inducible cytokine expression plasmids. 
Tahara Hideaki, Michael T. Lotze. In situ injection of antigen-presenting cells with genetically 
^SS^SS^SS^TST U PittSbUr8h ReferenCe NUmber 181; 09/395 ' 836 - Fi, " d September 14, 

Thomson Angus, Lu Lina, Michael T. Lotze - "Genetic engineering of dendritic cells for 
immunosuppressive therapy" Disclosure 

Tahara Hideaki, Michael T. Lotze. Modified interferon gamma inducing factor (1GIF/IL-18) sequence 
wh,ch can be secreted as an active form IL-18 protein from mammalian cells. sequence 

fnSlotZ^^ T - LOtZC - ° enetiCa,,y M ° dified ^ ^lls for the 



E^tt^m mm ^ MiChaCl ^ PCT/US01/31 High Efficiency-Regulatable 



Films 



1 986 Demonstration of intraoperative ultrasound imaging, C0 2 laser surgery and CUSA ultrasonic 
d,ssect,on for a right hepatic lobectomy for hepatoma; Spectacular Problems Tin Surged ACS 

1 992 Immunotherapy Video Handbook, Proleukin R 

1995 Resection of a Giant Lipoma; ACS Cine Forum, New Orleans, October 22-27, 1995. 
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Books 

1 990 York'T^o" 111 "^ lmm " nothera PV of SanceL Ed. Lotze MT, Finn OJ, Wiley-Liss; New 

1 994 Current Cancer Therapy Ed. Kirkwood JM, Lotze MT, and Yasko J; 1 998 Current 
1996 Science, Philadelphia, 1994; 2nd Edition 1996; 3rd Edition 1998; 4th Edition 2001 

2001 

1996 l " ter ' eUki . n Ce " U ' ar a " d M «**»'"r Immunnlnp v of ag |mnort a nt R«.p .. l ator v Cytokine Ed 
M.chael T. Lotze, New York Academy of Sciences, NY. Y ^ yiOKine - td - 

1997 Regional Therapy of Adv anced Cancer , Ed. Lotze MT Rubin JT- 
JB Lippincott, Philadelphia, 1997. 

IS? D e "dritic Cells: Biology and Clinical Applications ; Ed. Michael T. Lotze, Angus W 

2001 Thomson; Academic Press; London; 2 nd Edition 2001 

2006 y Edition; Ed. Michael T. Lotze, Jacques Banchereau, Yong-h.n I iu and Angus W . Thomoon 

2002 J"^ Immunolopy: Molecularly Defined Antipen. ,nH C linical Ap plfcti™, p„ 
Parmiani and Michael T. Lotze; Taylor and Francis, London; 2002. 

2003 g^fHgdhoofc 4th Edition Ed. Angus W. Thomson, Michael T. Lotze; Academic Press, 
2005 Measuring Immunity 1- Edition Ed. Michael T. Lotze, Angus W. Thomson; Academic Press, 

2007 Lo a n U don Ki,,er Ce " S ' ^ Editi ° n - T ' ^ A " gUS W ' Thomson ' Acade ™ ^css, 
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SCIENTIFIC ADVISORY BOARDS 

1 990-1994 Cellco, Inc. Rockville, MD; Hollow-fiber growth of cells 

1 995- 1 998 Canji, Inc; Subsidiary of Schering Plough, Inc. Gene Therapy [ P 53, RB, cytokines] 

2002-current Immunodesigned Molecules, Inc. Parisian company involved with cell/DC therapy 

2002-current Tissue Informatics, Inc. Pittsburgh company involved with machine vision tissues 

2002-current CureTech, Inc. Tel Aviv company involved with developing antibody therapies 

2002 BioMeasure; Boston; consultant on therapeutic vaccines for cancer 

2003 MediGene, Munich; consultant on therapeutic vaccines for cancer 

2003 Coley Pharmaceuticals, Wellesley; consultant on biomarkers/surrogates for cancer 

prdtefnT Pharmaceutica,s ' Irvine ' CA ; consultant on immunogeneicity of recombinant 



2003 



,uu,-rresent ^^^^^al^rislol Myers Squibb, Bloomsfield NJ; consultant on clinical 



2004 
2004 



Boarcf*' ChiCa8 °' IL; consultant on therapeutic use of NK cells; on Scientific Advisory 



Becton Dickinson; consultant on antibody development and application in flow and 
imaging cytometry 



2004 Chiron; consultant on development of combination therapies with IL-2 

2005 Sanofi-Aventis; consultant on cancer vaccines 
2005 Debios, Lausanne 
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tnoc Races/Marathons 

1985 Marine Corps 

1990 Pittsburgh 

1993 Pittsburgh 



1998 
1999 
2000 



Pittsburgh, Bordeaux [Marathon des Chateaux du Medoc], Marine Corps 
Pittsburgh, Cincinnati Flying Pig, Helsinki, San Diego Rock and Roll, New York 
Philadelphia, Boulder Outback, Quebec City, Marine Corps, Vancouver, Jacksonville 

200 1 Philadelphia, Pittsburgh, London, Seattle 

2002 Sli?^' Se San f ra ™sco, Bordeaux [Marathon des Chateaux du 
Medoc], New York [1/2], Seattle 

2003 Chicago, Marine Corps 

J^Pi Phoenix Rock and Roll, IKEA Half, New York Half T„r^n Half 



2005 



™i M^ho 0 "' ' 0M - "* Ha ' f ' Akro "' Ma ™ e Co *> s "—-on. 



2006 IKEA Half 

2007 Los Angeles, Cleveland, San Diego Rock and Roll 
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155. Lotze MT. Workshop on Antagonists of Cytokine Function. 

Presented: Keystone Symposium On "Cytokines and Cytokine Receptors: From Cloning 
to the Clinic"; Keystone, CO; February 6, 1993. 

1 56. Lotze MT. Transfer of Gene Marked TILs; Current Status and Future Goals. 

Presented: International Congress on "Biological Response Modifiers: Present Clinical 
Use and Future Developments"; Naples, Italy; February 23, 1993. 
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1 57. Lotze M.T. Gene Therapy of Cancer - Immunological Approaches. 

Presented: NCI Gene Therapy Working Group; Rockville, MD; March 1, 1993. 

158. Storkus W.J. and Lotze M.T. Identification of Human Melanoma derived Epitopes Recognized 
by HLA-A2 Restricted , CD8+ Tumor Infiltrating Lymphocytes. J. Cell Biochem. 17D: ,1993. 

Presented: Keystone Symposium on "Cellular Immunity and Immunotherapy of Cancer"* 
Taos, NM; March 19, 1993. 



1 59. Lotze M.T. Modulation of Murine Reactivity to Tumor and Transplantation Antigens J Cell 
Biochem.l7D: ,1993. 

Presented: Keystone Symposium on "Cellular Immunity and Immunotherapy of Cancer"- 
Taos, NM; March 19, 1993. 



160. Lotze M.T. and Whiteside T.L. Immunology and Biological Therapeutics. 

Presented: PCI Scientific Retreat; Nemacolin, PA; March 28, 1993. 

161. Lotze M.T. WJ Storkus, SD Hurd, MJ Maeurer, JM Kirkwood. Immunotherapy of Melanoma. 
Melanoma Res. 3:5-6, 1993. 

Presented: Third International Conference on Melanoma; Special Lecture; Venice Itah 
April 3, 1993. 



1 62. Lotze M.T., Cai Q., Elder E., Rubin J, Pippin B., Jacob W., Chen Y., Nishihara K., Siegfried J., 
Storkus W., Edington H, Rosenstein M, Nastala C, Pappo I, Zitvogel L., Robbins P., Tahara H. 
Gene Therapy of Cancer - Immunological Approaches. J. Cell. Biochem. 17E:184, 1993. 

Presented: Keystone Symposium on "Genetically Targeted Research and Therapeutics: 
Antisense and Gene Therapy"; Keystone, CO; April 12, 1993. 

163. Ragni M.V., Lotze M.T. Hemophilia: An Important Target for Gene Therapy. J. Cell. Biochem 
17E:216,1993. 

Presented: Keystone Symposium on "Genetically Targeted Research and 
Therapeutics: Antisense and Gene Therapy"; Keystone, CO; April 12, 1993. 

164. Tahara J., Zeh H. Ill, Pappo I., Nastala C, Robbins P.D., Lotze M.T. Tumor Growth Alteration 
with Local Interleukin 12 Secretion Achieved by Gene Transfer. J Cell Biochem. 17E 247 
1993. 

Presented: Keystone Symposium on "Gene Therapy"; Keystone, CO; April 12, 1993. 

165. Lotze M.T. Biotherapy of Cancer. 

Presented: CILAC XI; 1 1th Congresos Integrados Latino Americanos De Cancerologia; 
Cancun, Mexico; May 12, 1993. 

1 66. Lotze MT and Levy R.: New approaches to immunotherapy and vaccines, 
against cancer. J Immunol, 150: 1A, 1993. 

Presented: Joint Meeting of AAI and CIS, Denver, CO; May 22, 1993. 
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167. Lotze M.T.: A Tale of Two Cytokines: IL-4 and IL-12. 

Presented: Multidisciplinary Program in Immunology/Stanford University 
Medical Center; Stanford, CA; June 2, 1993. 

168. Lotze M.T.: Cytokine Gene Therapy of Cancer. 

Presented: Monthly Lecture Series, New England Deaconess Hospital/Department of 
Surgery; Boston, MA; June 10, 1993. 

169. Lotze MT: Eluted peptides from the MHC. 

Presented: First International Conference on Engineered Cancer Vaccines and AIDS* San 
Francisco, CA; Sept. 30- October 3, 1994. 

1 70. Pappo I, Tahara H, Nastala C, Robbins PD, Zeh HJ, Lotze MT. Cancer gene therapy with IL- 1 2 
alone or in combination with systemic IL-2 administration delays or prevents the growth of 
murine sarcomas. 

Presented: Assoc. Academic Surgery. Hershey, PA; Nov. 13, 1993. 

171. Pappo I, Wasserman K, Tahara H, Epperly M W, Bryant J, Lotze MT, Rosenstein MM. The 
systemic administration or local delivery of IL-12 combined with radiation (RT) delays the 

growth of a virulent murine melanoma. 

Presented: Association Academic Surgery. Hershey, PA; November 12, 1993. 

172. Nastala C, Edington H, Storkus WJ, Lotze MT. Recombinant Interleukin-12 (rmIL-12) Mediates 
Regression of Both Subcutaneous and Metastatic Murine Tumors. 

Presented: 79th Annual Clinical Congress; American College of Surgeons. San 
Francisco, CA; October 10, 1993. 

173. Leder GH, Oppenheim M, Rosenstein M, Shah N, Hoffman R, Simmons R, Lotze MT. 
Aminoguanidine decreases IL-2 induced nitric oxide production but not the IL-2 induced 
capillary leak syndrome. 

Presented: 3rd Int. Mtg; Biology of Nitric Oxide. Cologne, Germany; October 3, 1993. 

1 74. Lotze MT. Interleukin 4 and Interleukin 12: Cytokines that regulate the immune response. 
Annals of Hematology 67:A173,S4, 1993. 

Presented: Advances in Cytokine Development, Munich, Germany; October 27, 1993. 

175. Lotze MT. Interleukin 4 Gene Therapy. Annals of Hematology 67:A171,1 11, 1993. 

Presented: Cytokines and Growth Factors in Cancer: From Basic Research to Clinical 
Application. Munich, Germany, October 30, 1993. 

1 76. Lotze MT. A Tale of Two Cytokines - IL-4 and IL-12 Regulate Immune Reactivity. 

Presented: US-Japan Cancer Cooperative Research Program, "Cell Biology of the Host 
Antitumor Immune Response". Rockville, MD January 10-12, 1994. 
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1 77. Lotze MT. IL4 and IL12 Gene Therapy: Cytokines which Regulate the Immune Response. 

Presented: First International Conference on Gene Therapy and Vaccines for Cancer. 
Washington, DC January 27, 1994. 

1 78. Lotze MT. Gene Altered TIL: Background and Rationale. 

Presented: Third International Symposium on The Biology of Renal Cell Carcinoma 
Cleveland, OH March 8, 1994. 

1 79. Leder G, Oppenheim M, Rosenstein M, Hoffman R, Lotze M, Beger H. NO does not mediate IL- 
2 induced antitumor effects. Br. J. Surg 81 : 102, 1994. 

Presented: European Surgical Society, Fall 1994. 

1 80. Smith DC, Jacob HE, Lotze MT, Branch RA, Adedoyin A, Stiff D, Ellis PG, Schwartz K, Trump 
DL. A phase I trial of interferon-a2a (IFN-a) and all-transretinoic acid (ATRA): A 
pharmacokinetic assessment. Proc. ASCO 13:134 (#329), 1994 

Presented: American Society of Clinical Oncology, May 1994. 

181. Lotze MT. Gene Altered TIL: Background and Rationale. 

Presented: Third International Symposium on The Biology of Renal Cell Carcinoma 
Cleveland, OH March 8. 1994. 

1 82 Lotze MT. Cytokine therapy of Cancer - IL-4 and IL-12 Regulate the Immune Response. Brit J 
Cancer 69:Supplement XXI, 2(S6), 1994. 

Presented: BACR/ACP Annual Meeting. Birmingham, United Kingdom; March 28, 
1994. 

1 83. Maeurer M, Castelli C, Hurd S., Martin D., Storkus W., Lotze M. In vivo selection of melanoma 
variants lacking CTL-defined epitopes. FASEB Jl 8:A209 (1203), 1994. 

Presented: Experimental Biology 94 (American Assoc. of Immunology); Anaheim, CA- 
April 24, 1994. 

1 84. Qin L, Chavin KD, Tahara H, Robbins PD, Lotze MT, Bromberg JS. IL- 1 0 gene transfer prlongs 
cardiac allograft survival. FASEB Jl. 8:A738 (4285), 1994. 

Presented: Experimental Biology 94 (American Assoc. of Immunology); Anaheim, CA- 
April 26, 1994. 

1 85. Vokes E, Hochster H, Lotze M, Figlin R, Rybak ME. Recombinant human interleukin 4 (rhu IL- 
4) SCH 39400 in non-small cell lung cancer (NSCLC): preliminary results of a phase II 
investigation. Proc. ASCO 13:334 (#1 107), 1994. 

Presented: American Society of Clinical Oncology, Dallas, TX; May 1994. 

1 86. Lotze MT. Interleukin 4 and IL-12 regulate immune responses. 

Presented: Immunology Seminar, Pittsburgh Cancer Institute; May 1994. 
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1 87. Lotze MT. Role of Biologic Agents in Treating Pancreatic Cancer. 

Presented: Arthur W. Beauregard International Cancer Conference. Cancer of the 
Pancreas: Challenge of the Nineties. Newport, Rhode Island; July 5-8, 1994. 

188. Zitvogel L, Tahara H, Storkus WJ, Robbins P, Lotze MT. IL-12 Gene Therapy. 

Presented: J.P. Lecocq Conference on Gene Therapy, Strasbourg, France; July 5-7, 1994. 

1 89. Suminami Y, Elder EM, Lotze MT, Whiteside TL. Quantitative PCR for expression of the IL4 
gene in biopsies of patients receiving genetically modified tumor vaccine. 

Presented: Society of Biological Therapy Meeting, Silverado, CA; October 26-30, 1994. 

190. Mayordomo JI, Storkus WJ, Deleo R, Lotze MT, DeLeo AB. A CTL clone specific for the Meth 
A murine sarcoma successfully treats established metastatic disease. 

Presented: Society of Biological Therapy Meeting, Silverado, CA; October 26-30, 1994. 

191 . Zorina T, Mayordomo JI, Watkins S, Lotze MT, DeLeo AB, Ildstad ST. Culture of dendritic 
cells from murine bone marrow supplemented with GM-CSF and TNF-alpha. 

Presented: Society of Biological Therapy Meeting, Silverado, CA; October 26-30, 1994. 

192 » Posner MC, Lembersky B, Landreneau RJ. Mullen E, Oppenheim M f r>t 7 * MT Combine d 

modality therapy for operable carcinoma of the esophagus and gastroesophageal (GE) junction 
Proc. ASCO 12:224 (686), 1993 

Presented: American Society of Clinical Oncology, Orlando, May 1993. 

193. Lotze MT. T-cell Factors in Cancer Immunotherapy. 

Presented: Second International Cytokine Conference. Banff, Alberta October 5, 1994. 

194. Berman R, Suzuki T, Tahara H, Robbins P, Lotze M. Human and viral Interleukin-10 (cIL-10 
and vIL-10) mediate opposing effects in tumor immunity. 

Presented: Second International Cytokine Conference. Banff, Alberta October 4, 1994. 

195. Lotze MT, Tahara H, Storkus WJ, Zitvogel L, Suzuki T, Berman R, Robbins PD. The non-y c R T- 
cell growth factors - cytokine gene therapy for cancer and transplantation. Gene Theraov 
1:S4(A12), 1994. F/ 

Presented: Second Meeting of the European Working Group on Human Gene Transfer 
and Therapy. London, UK. November 19, 1994. 

1 96. Lotze MT. Cytokine and Cytokine Gene Therapy of Cancer. 

Presented: Seventh Meeting of the Japanese Society of Biologic Response Modifiers. 
Tokushima, Japan. December 2-3, 1994. 

1 97. Lotze MT. The Immune System Connection to Cancer and Transplantation. 

Presented: Cancer Research and Treatment; Beyond the Year 2000: Harnessing the 
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Immune System. Sponsored by the Cancer Research Institute and Immunex; January 12 
1 995; New York City, New York. 

198. Lotze Michael T. Cytokines and Vaccines For Tumor Treatment. 

Presented: Committee on Immunology, University of Chicago, January 16,1995; 
Chicago, IL. 

1 99. Lotze MT. Melanoma: From the clinic to the laboratory and back again. 

Presented: Pittsburgh Surgical Society, January 23, 1995. 

200. Lotze MT. Cytokines for Cancer Therapy. 

Presented: International Biologic Response Modifier Symposium; January 27, 1995, 
Cancun, Mexico 

20 1 . Lotze Michael T. Discussant. 

Ciba Foundation Symposium No. 195. T Cell Subsets in Infectious And Autoimmune 
Diseases, March 6-10, 1995, London, UK. 

202. Rubin JT, Brumfield A, Dookeran K, Lotze MT. Tumor targetted delivery of sustained release 
high-dose 9-aminocamptothecin. Proc. AACR 36:452(2695), 1995 

Presented: 86th Annual Meeting of the American Association nf C ancer Research, M arch 



21, 1995; Toronto, Canada. 

203. Mayordomo J, Frassanito AM, DeLeo RM, Storkus WJ, Lotze MT, DeLeo AB. Development of 
CTL-defined tumor peptide vaccine models using chemically induced BALB/c sarcomas Proc 
AACR 36:493(2936), 1995. 

Presented: 86th Annual Meeting of the American Association of Cancer Research, March 
2 1 , 1 995; Toronto, Canada. 

204. Lotze MT. Tumor Immunology - The New Biology. 

Presented: American Association for the Advancement of Science; February 2 1 1 995 ■ 
Atlanta, GA. ' 

205. Lotze MT. Effective Cytokine Gene Therapy of Melanoma - The Biologic Paradigm. 

Presented: MD Anderson Symposium on Melanoma, February 22-24, 1995. 

206. Tahara H, Zitvogel L, Storkus WJ, Robbins PD, Lotze MT. IL-12 gene therapy of cancer: animal 
models to clinical application. 

Presented: International Symposium of Molecular Cell Biology of Macrophages '95 Mav 
18-19, 1995; Japan. H 5 . y 

207. Lotze MT. Tumor Immunology and Immunotherapy. Discussion of abstracts. 

Presented: American Society of Clinical Oncology; 31st Meeting. May 20-23, 1995; Los 
Angeles, CA. 
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208. Mayordomo JI, Storkus WJ, Kast WM, DeLeo AB, Lotze MT. Peptide-pulsed dendritic cells and 
TAP-deficient cells serve as effective immunogens in tumor vaccines and therapies Proc ASCO 
14:546(1809). 

Presented: American Society of Clinical Oncology; 31st Meeting. May 20-23, 1995; Los 
Angeles, CA. 

209. Zitvogel L, Tahara H, Robbins PD, Davis G, Lotze MT. Cancer gene therapy using a cytokine 
IL-12 and a costimulatory molecule B7.1. Proc. ASCO 14:226(583). 

Presented: American Society of Clinical Oncology; 31st Meeting. May 20-23, 1995; Los 
Angeles, CA. 

2 1 0. Lotze MT. Immunotherapy and Gene Therapy in Gynecologic Oncology. 

Presented:Treatment of Cancers of Women Conference; June 23-24, 1995; Pittsburgh, 

211. Lotze MT. Antigen-specific T-cell responses in University of Pittsburgh tumor vaccine trials. 

Presented: Immune Monitoring of Cancer Vaccine Clinical Trials; April 12 1 995- 
Bethesda, MD. 

212 - Lotze MT, Tahara H, Storkus WJ, Sitvogel L, Suzuki T, Herman R, Robbins PD. Approaches for 

IL-12 gene therapy: The non-5Rc T-cell growth factors - cytokine gene therapy for cancer and 
transplantation. 

Presented: IL-12 in Infection: Prospects for Prophylactic and Therapeutic Intervention- 
May 15-17, 1995; The Cloister; Bethesda, MD. 

213. Lotze MT. Vaccine Strategies. 

Presented: 95th General Meeting American Society for Microbiology. May 21-25, 1995; 
Washington Convention Center; Washington, DC. 

214. Lotze MT. Genetic Therapy for Cancer: Potential Role of rhIL- 1 2. 

Presented: Interleukin Twelve: Clinical Progress and Future Directions. Four Seasons 
Hotel and Resort; June 3-4, 1995; Irving, TX. 

215. Lotze MT. New Regional and Sytemic Treatment for Melanoma. 

Presented: Southern Society of Clinical Surgeons. April 10, 1995, Pittsburgh, PA. 

216. Lotze MT. IL-4 and IL- 1 2 Gene Therapy 

Presented: First PCI Gene Therapy for Cancer Retreat. June 24, 1995, Johnstown, PA. 

217. Lotze MT. Gene Therapy of Infectious Diseases and Cancer. Can J Infect Dis. 6:191C, 1995. 

Presented: Plenary Session of the 19th International Congress of Chemotherapy July 
17th, 1995, Montreal. 
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2 1 8. Lotze MT. Biologic Therapy of Cancer. A New Role for Dendritic Cells. PCI Grand Rounds; 
September 1, 1995; Pittsburgh, PA. 

219. Couderc F, Amoscato A, Storkus WJ, Hempel JD, Lotze MT. MHC Class I Peptides 
Identification in Melanoma Cells by Micellar Electrokinetic Chromatography and Laser-induced 
Fluorescence Detection. 

Presented: Eighth Internation Symposium on High Performance Capillary 
Electrophoresis. January 21-25, 1996; Orlando, FL. 

220. Zitvogel L, Storkus WJ, Tahara H, Mayordomo JI, Tjandrawan T, Robbins PD, Lotze MT. 
Cancer Vaccines Engineered with IL-4/IL-12+B7.1 : Towards the Adaptive Immunotherapy 
Using Genetically Modified Dendritic Cells. 

Presented: 2nd European Conference on Gene Therapy of Cancer; King=s College, 
Strand, London; September 7, 1995. 

22 1 . Doughty LA, Patrene K, Boggs SS, Tahara H, Lotze MT, Evans CH, Robbins PD. The effect of 
constitutive expression of viral IL-10 or soluble TNF receptor (p75) in mice reconstituted with 
genetically modified bone marrow stem cells on endotoxin induced IL-6 production. Pediatric 
Research 37(4):44A, 1995! 

Presented: Pediaric Research Society. 



Nishihara K, Barth RF, Lang JC, Wilkie N, Oda Y, Kikuchi H, Lotze MT. Enhanced in vitro and 
in vivo tumoricidal activities of IFN-a, IL-4, IL-6, and TNF-a gene transfected macrophages. 

Presented: 17th Symposium on the International Association for Comparative Research 
on Leukemia and Related Disease; Gene Therapy: New Frontiers. Dublin, Ireland; 
September 18-21, 1994. 

Goydos JS, Finn OJ, Lotze MT. Induction of specific immune reactivity in patients with 
adenocarcinomas of the breast, pancreas and colon using a synthetic mucin vaccine in a Phase I 
trial. 

Presented: 29th Annual Meeting of the Association for Academic Surgery, Dearborn, 
Michigan, November 8-1 1, 1995. 

Tahara H, Zitvogel L, Robbins PD, Lotze MT. IL-12 gene therapy using direct injection of 
tumors with genetically engineered autologous fibroblasts. Gene Therapy 2:674(006), 1995. 

Presented: The First Annual Meeting 1995 Japanese Society of Gene Therapy, The 

University of Tokyo, Bunkyo-ku, Tokyo, Japan, May 2 1 , 1 995. 

Lotze MT, Storkus WJ, Tahara H, Amoscato A, Mayordomo HI, Zitvogel L. Molecular vaccines 
for cancer - role of IL-12. Immunology 86:Suppl. 1-28(IS42), 1995. 

Presented: Joint Congress of the British Society of Immunology and the Nederlandse 

Vereniging voor Immunologic; Brighton, UK; Dec 6-8, 1995. 

Finn OJ, McKolanis JR, Nalesnik MA, Clarke MR, Lotze MT, Ochoa AC. T cell defects in 
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advanced breast, pancreatic, and colon cancer and improvements after vaccination with a mucin 
peptide. Proc. Amer. Assoc.Cancer Research 37:475 (3344), 1996. 

Presented: 1996 Annual AACR Meeting; April 21, 1996; Washington, DC. 

227. Robbins PD, Ghivizzani SC, Kang R, Storkus WJ, Tahara H, Zitvogel L, Couderc B, Lotze MT. 
Development of gene therapies for arthritis and cancer. 

Presented :Luneborg Symposium on Interdisciplinary Approaches to Gene Therapy. 
Luneborg, Germany March 25-27, 1996. 

228. McKolanis JR, Pecher G, Lotze MT, Finn OJ. Mucin reactive CTL induced by in vivo 
immunization. Proc. Amer. Assoc.Cancer Research 37:466 (3177). 

Presented: 1996 Annual AACR Meeting; April 23, 1996; Washington, DC. 

229. Zitvogel L, Mayordomo JI, Tjandrawan T, DeLeo AB, Lotze MT, Storkus WJ.Therapy of poorly 
immunogenic murine tumors with tumor peptide-pulsed dendritic cells: Induction of a specific 
antitumor immune response mediated by T-cells, Thl -associated cytokines and B7 
costimulation. Proc. Amer. Assoc.Cancer Research 37:473 (3225). 

Presented: 1996 Annual AACR Meeting; April 22, 1996; Washington, DC. 

230. Mayordomo JI, Loftus JI, Sakamoto DJ, Lotze MT, Storkus WJ, Appella E, DeLeo AB.Therapy 
of murine tumor s with p 5 3 wil d type sequence peptide - based vaccin e . Proc. Amer. Assoc.Cancer 

Research 37:475 (3244). 

Presented: 1996 Annual AACR Meeting; April 23, 1996; Washington, DC. 

23 1 . Dookeran KA, Shipe-Spotloe J, Rubin JT, Sikora SS, Kirkwood JM, Lotze MT, Logan T. Low 
dose systemic interleukin-2 therapy to patients with associated co-morbid conditions. Proc. 
Amer. Assoc.Cancer Research 37:488 (3330). 

Presented: 1996 Annual AACR Meeting; April 21, 1996; Washington, DC. 

232. Tahara H, Zitvogel L, Storkus WJ, Elder EM, Kinzler D, Whiteside TL, Robbins PD, Lotze MT. 
Phase I clinical trial of interleukin-12 (IL-12) gene therapy using direct injection of tumors with 
genetically engineereed fibroblasts. Proc. ASCO 15:235 (579), 1996. 

233. Atkins M, O'Boyld K, Sosman J, Wiss G, Lotze M, Dutcher J, Fisher R. Prospective randomized 
trila of lisofylline (LSF) for the modulation of interleukin-2 (IL-2) toxicity. Proc. ASCO 
15:273(729). 

234. Davis ID, Suzuki T, Tahara H, Robbins P, Narula S, Zavodny P., Lotze MT. Murine interleukin- 
4 (mIL-4)-based therapeutic tumor vaccines generated by transfection of multiple genes into a 
poorly immunogenic tumor cell line. Proc. ASCO 15:555(1808), 1996. 

235. Storkus WJ, Kirkwood JM, Mayordomo J I, Kinzler D, Johnson C, Tahara H, Elder E, Baar J, 
Davis J, Paradise C, Shipe-Spotloe J, Lotze MT. Melanoma peptide vaccine: a randomized Phase 
I evaluation of MART- 1, gplOO, and tyrosinase peptide vaccines in patients with malignant 
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melanoma. Proc. ASCO 15:556, 1996. 

236. Atkins MB, Robertson M, Gordon MS, Lotze MT, Du Bois J, Ritz J, Sandler A, Edington HD, 
Sherman ML. Phase I evaluation of intravenous recombinant human interleukin-12 (rHIL-12) in 
patients with advanced malignancy. Proc. ASCO. 1 5 :270(7 1 8), 1 996. 

237. Lotze MT. Gene Therapy for Surgical Cancers. The 1st British Journal of Surgery Lecturer; 84th 
Meeting of the Surgical Research Society; Birmingham, June 27th, 1996. 

238 Lotze MT State of the Art Lecture: Gene Therapy and Clinical Medicine. Update in Internal 
Medicine: Practice in the New Health Care Environment. 
Presented October 30th, 1996; Pittsburgh, PA. 

239. Shurin MR, Marakovsky E, Lotze MT. FLT3-ligand inhibits tumor progression in murine model. 
J. Immunotherapy 

Presented: 1 1th Annual Society of Biological Therapy Meeting, Washington, DC; 
October 23-26, 1996. 

240. Bozik ME, Lotze MT, Chambers WH. Effective treatment of CNS tumor with IL-4 producing 
glioma vaccine. J. Immunotherapy 

Pre se nt ed : 1 1th Annual Society of Biological Therapy Meeting, Washington, DC; 

October 23-26, 1996. 

241. Berman RM, Rilo HL, Hoehnke C, Shurin MR, Naula SK, Maraskovsky E, Lotze MT. 
Interleukin- 10 effects on in vivo generation and in vivo function of dendritic cells. J. 
Immunotherapy 

Presented: 1 1th Annual Society of Biological Therapy Meeting, Washington, DC; 
October 23-26, 1996. 

242. Farhood H, Linsley PSS, Storkus WJ, Lotze MT. Immunopotentiation by CD28 and Interleukin 
12. J. Immunotherapy 

Presented: 1 1th Annual Society of Biological Therapy Meeting, Washington, DC; 
October 23-26, 1996. 

243. Cai Q, Presky D, Robbins PD, Lotze MT, Tahara H. Interleukin-12 (IL-12) expression at the 
tumor site is criticial in natural tumor rejection but not in mouse IL-10 mediated anti-tumor 
effects. J. Immunotherapy 

Presented: 1 1th Annual Society of Biological Therapy Meeting, Washington, DC; 
October 23-26, 1996. 

244. Sikora R, Rilo H, Tahara H, Lotze MT, Carty SE. Viral Interleukin- 10 (vIL-10) expression in rat 
pancreatic islets by bioballistic Gene Transfer. Proc. Assoc. Acad. Surg.30:78(30). 1996. 

Presented: 30th Annual Meeting Association for Academic Surgery, November 13th- 
16th, 1996; Chicago, 111. 
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245. Chau Gar- Yang, Dooker5an KA, Brumfield A, Tueting T, Lotze MT, Rubin JT. Effective 
antitumor activity of interferon alfa plus ethiodol in an animal model. Proc Assoc Acad 
Surg.30:167(P9). 1996. 

Presented: 30th Annual Meeting Association for Academic Surgery, November 13th- 
16th, 1996; Chicago, 111. 

246. Logan T, Elder E, Whiteside T, Kirkwood J, Lotze M, Friberg D, Hrebinko R, Donnelly S 
Becich M, Edington H, Shipe-Spotloe J, Hakala T. Pilot study of in vitro sensitization with anti- 
CD3 (OKT3) stimulated vaccine draining lymph node lymphocytes in patients with metastatic 
renal carcinoma and melanoma. Proc. ASCO 16:432a (1551),1997. 

Presented: ASCO Annual Meeting, May 17-20, 1997; Denver, CO. 

247. Dutcher J, Atkins M, Fisher R, Weiss G, Margolin K, Aronson F, Lotze M, Gordon M. IL-2- 
based therapy in metastatic renal cell cancer (MRCC): Cytokine Working Group (CWG) 
experience. Proc. ASCO 16:327a (1 166), 1997. 

Presented: ASCO Annual Meeting, May 17-20, 1997; Denver, CO. 

248. Tahara H, Zitvogel L, Storkus WJ, Elder EM, Kinzler D, Whiteside TL, Robbins PD, Lotze MT. 
Antitumor effects in patients with melanoma, head and neck and breast cancer in a Phase I/II 
clinical trial of Interleukin- 1 2 (IL-12) gene therapy. Proc. ASCO 16:438a (1568),1997. 

Presented: A S CO Annu al Meeting, May 17 - 30, 1997; Denver, CO. - 

249. Atkins M, Lotze M, Wiernik P, Margolin K, Weiss G, Parkinson D, Hawkins M, Paradise C, 
Rosenberg S. High-dose IL-2 therapy alone results in long-term durable complete responses in 
patients with metastatic melanoma. Proc. ASCO 16:494a (1780), 1997. 

Presented: ASCO Annual Meeting, May 17-20, 1997; Denver, CO. 

250. Maeurer MJ, Walter W, Trinder P, Seliger B, Lotze MT. Interleukin-7 (IL-7) secretion by 
epithelial tumors. Potential implications for organ specific immunity. 

Keystone Symposia on Cellular Immunology and the Immunotherapy of Cancer III; 
Copper Mountain, CO; February 1-7, 1997. 

25 1 Robertson MJ, Cameron C, Atkins MB, Gordon MS, Lotze MT, Sherman ML, Ritz J. 

Immunologic effects of Interleukin- 12 administered by bolus intravenous injection to patients 
with advanced cancer. 

Submitted: American Society of Hematology 

252. Nishioka Y, Shurin M, Robbins PD, Storkus WJ, Lotze MT, Tahara H. Effective tumor 
immunotherapy using bone marrow-derived dendritic cells (DC)=s genetically engineered to 
express Interleukin 12. Journal of Immunotherapy 20:419, 1997. 

Presented: 12th Annual Meeting of The Society of Biologic Therapy; Pasadena 
California October 22-25, 1997. 

253. Shurin GV, Esway J, Subbotin VM, Lotze MT, Barksdale EM. Functional Fas ligand is 
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expressed on neuroblastoma cells. Journal of Immunotherapy 20:403, 1997. 

Submitted: 12th Annual Meeting of The Society of Biologic Therapy; Pasadena 
California October 22-25, 1997. 

254. Esway J, Shurin GV, Lotze MT, Barksdale EM. Creating immune privilege: Neuroblastoma 
soluble factors cause apoptosis of Fas-sensitive targets. Journal of Immunotherapy 20:402, 1997. 

Submitted: 12th Annual Meeting of The Society of Biologic Therapy; Pasadena 
California October 22-25, 1997. 

255. Numasaki M, Lotze MT, Tahara H. Interleukin 17 gene transfection into murine fibrosarcoma 
cell 1 ine MCA 205 increases tumorigenicity correlated with enhanced tumor microvascularity. 
Journal of Immunotherapy 20:399, 1997. 

Presented: 12th Annual Meeting of The Society of Biologic Therapy; Pasadena 
California October 22-25, 1 997. 

256. Kinzler D, Tahara H, Elder E, Johnson C, Nguyen N, Hanan S, Thomas R, Vu H, Duran P, 
Kirkwood J, Lotze M. Patient recruitment onto a Phase I clinical trial of Interleukin 12 (IL-12) 
gene therapy for cancer. Journal of Immunotherapy 20:400, 1997. 

Presented: 12th Annual Meeting of The Society of Biologic Therapy; Pasadena 
California October 22-25, 1 997. 



257. Peron JM, Esche C, Hunter O, Subbotin VM, Lotze MT, Shurin MR. Effective treatment of 
murine liver metastases using FLT3 ligand (FL) and IL-12. Journal of Immunotherapy 20:400, 
1997. 

Presented: 12th Annual Meeting of The Society of Biologic Therapy; Pasadena 
California October 22-25, 1997. 

258. Hunter O, Haluszczak C, Subbotin VM, Lfotze MT, Shurin MR. Administration of IL-12 and 
FLT3 ligand enhances murine dendritic cell generation. Journal of Immunotherapy 20:401, 1997. 

Presented: 12th Annual Meeting of The Society of Biologic Therapy; Pasadena 
California October 22-25, 1997. 

259. Baar J, Lotze MT. Interferon gamma inducible cytokine gene expression in plasmid-transfected 
dendritic cells. Journal of Immunotherapy 20:403, 1997. 

Presented: 12th Annual Meeting of The Society of Biologic Therapy; Pasadena 
California October 22-25, 1997. 

260. Esche C, Shurin MR, Haluszczak C, Peron JM, Lotze MT. Generation of human dendritic cells 
from CD34+ precursors for human clinical trials. Journal of Immunotherapy 20:403, 1997. 

Presented: 12th Annual Meeting of The Society of Biologic Therapy; Pasadena 
California October 22-25, 1997. 

261 . Shurin MR, Esche C, Lokshin A, Lotze MT. Tumors induce apoptosis of dendritic cells in vitro. 
Journal of Immunotherapy 20:403, 1997. 
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Presented: 12th Annual Meeting of The Society of Biologic Therapy; Pasadena 
California October 22-25, 1997. 

262. Hall TD, Kinzler DM, Elder EM, Whiteside TL, Storkus WJ, Lotze MT. Evaluation and 
response of patients immunized to HLA-A2 polyepitope peptide mixture in patients with 
metastatic melanoma using autologous dendritic cells cultured with IL-4 and GM-CSF. Journal 
of Immunotherapy 20:405, 1997. 

Presented: 12th Annual Meeting of The Society of Biologic Therapy; Pasadena 
California October 22-25, 1997. 

263. Campbell RL, Repasky EA, Lotze MT. T-cell spectrin (fodrin) aggregation and uropod 
formation following dendritic cell encounter. Journal of Immunotherapy 20:405, 1997. 

Presented: 12th Annual Meeting of The Society of Biologic Therapy; Pasadena 
California October 22-25, 1 997. 

264. Haluszczak C, Lotze MT, Shurin MR. IL-12 and FLT3 ligand differentially stimulate lymphoid 
and myeloid dendropoiesis in vivo. Journal of Immunotherapy 20:406, 1997. 

Presented: 12th Annual Meeting of The Society of Biologic Therapy; Pasadena 
California October 22-25, 1 997. 

-265- Rider E M , Lotze MT , Wh i te sid e TL . Culture of human dendritic cell s (DC) for the therapy of 

patients with cancer. Journal of Immunotherapy 20:407, 1997. 

Presented: 12th Annual Meeting of The Society of Biologic Therapy; Pasadena 
California October 22-25, 1997. 

266. Elder EM, Stolinski LA, Whiteside TL, Lotze MT. Changes in DC precursor numbers during in 
vivo IL-2 adminstration. Journal of Immunotherapy 20:407, 1997. 

Presented: 12th Annual Meeting of The Society of Biologic Therapy; Pasadena 
California October 22-25, 1997. 

267. Kadakia MP, Birkenbach M, Baar J, Farhood H, Lotze MT. Modulation of interleukin-12 by 
Epstein Barr Virus induced gene production. Journal of Immunotherapy 20:4 11,1 997. 

Presented: 12th Annual Meeting of The Society of Biologic Therapy; Pasadena 
California October 22-25, 1997. 

268. Tahara H, Elder EM, Cai Q, Kinzler DM, Storkus WJ, Zitvogel L, Kirkwood JM, Whitesdie, 
Robbins PD, Lotze MT. Phase I clinical trial of Interleukin-12 cytokine gene therapy with 
objective responses in cancer patients with various histologies. Journal of Immunotherapy 
20:416, 1997. 

Presented: 12th Annual Meeting of The Society of Biologic Therapy; Pasadena 
California October 22-25, 1997. 

269. Osaki T, P6ron M.-M., Cai Q, Okamura H, Robbins PD, Kurimoto M, Lotze MT, Tahara H. . 
Analyses of antitumor effects of interferon-5-inducing factor/Interleukin-18 against murine 
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tumors. Journal of Immunotherapy 20:417, 1997. 

Presented: 12th Annual Meeting of The Society of Biologic Therapy; Pasadena 
California October 22-25, 1997. 

270. Lotze MT. Dendritic Cell Therapy of Cancer. 

Presented: 12th Annual Meeting of The Society of Biologic Therapy; Pasadena 
California October 22-25, 1997. 

271 . Lotze MT. Life and death in the Fas Lane:Immune Effectors in the Tumor Microenvironment. 

Presented: 12th Annual Meeting of The Society of Biologic Therapy; Pasadena 
California October 22-25, 1997. 

272. Lotze MT.Therapy of Cancer with Dendritic Cells. 

Presented: Immunologic Attacks on Cancer, Cold Spring Harbor and the Banbury Center; 
October 19-22, 1997. 

273. Lotze MT. Regional Therapy of Cancer. 

Presented: University of Hawaii at Manoa; October 27, 1997. 

274. Lotze MT. Apoptosis in the tumor microenvironment. 

Presente d - University of S a pporo; Sapporo, Japan; October 28, 1997. 

275. Lotze MT. IL-12 transfected fibroblasts or DC=s for cancer therapy. 

Presented: The 27th Annual Meeting of the Japanese Society for Immunology; Sapporo, 
Japan; October 29, 1997. 

276. MT Lotze, T Osaki, J-M Peron, M Shurin, J Baar, H Tahara. Cytokines which induce 
Interferon-gamma (IFN-a) - IL-2, IL-12, and IL-18: Regulation of tumor immunity. J. Leucocyte 
Biology 

Presented: 32nd Annual Meeting of the Society for Leucocyte Biology; Baltimore, MD; 
December 4-7, 1997. 

277. Orucevic A, Green AM, Lotze MT, Billiar TR. Nitric oxide induces apoptosis and enhances FAS 
expression in murine tumor cell lines. Proc Amer Assoc Cancer Res 39:580(3947), 1998 

Presented:AACR Annual Meeting March 28-April 1, 1998. 

278. Farhood H, Hershberger P, Shurin G, Barksdale E, Lotze MT. Ubiquitous intracellular Fas ligand 
expression by human and mouse tumor cells. Proc Amer Assoc Cancer Res 39:84(569), 1998 

Presented :AACR Annual Meeting March 28-April 1 , 1 998. 

279. Thomas RL, Lotze MT, Amoscato AA. Identification of oxidized ceramide as the predominant 
mass spectrometric identified cellular lipid increased in tumor cells undergoing apoptosis. 

Presented: FASEB/AAI Annual Meeting, April 19, 1998, San Francisco. 



98 



Best Available Copy 

o o 



280. M Atkins, J Dutcher, M Gordon, T Goss, T Logan, M Lotze, K Margolin, T Plasse, J Sosman, G 
Weiss Quality of life (QOL) assessment of patients with renal cancer treated with interIeukin-2, 
interferona and 5-fluorouracil. 

Presented: Annual ASCO Meeting. 

28 1 . Agarwala SS, Von Oosterom A, Petruzelli G, Johnson JT, Fritz MA, Horowitz JA, Rybak ME, 
Burke E, Van de Bogaert, Lotze MT. Phase I study of rAd/p53 in patients (pts) with advanced 
head and neck cancer (HNC). 

Presented: Annual ASCO Meeting. 

282. Dookeran KA, Hanan SH, Lotze MT. Effective regional therapy of cancer with sustained-release 
nitric oxide-donor, nitroprusside in ethiodol. 

Presented: 51st Annual Society of Surgical Oncology Meeting, San Diego, March 26-29, 
1998. 

283. Flaherty LE, Atkins M, Clark J, Dutcher J, Gordon M, Lotze M, Margolin K, Sosman J, Weiss 
G. Randomized Phase II trial of chemotherapy and outpatient biotherapy with Interleukin-2 (IL- 
2) and interferon alpha (IFN) in metastatic malignant melanoma (MMM). 

Presented: Annual ASCO Meeting. 

F la herty LE , Atkins M, Clark J, Dutcher J, Gordon M, Lotze M, Margolin K, Sosman J, Weiss — 

G. Randomized Phase II trial of chemotherapy and outpatient biotherapy in metastatic malignant 
melanoma (MMM). Cancer Investigation 16:S1, p28-29, 1998. 
Presented: New York Chemotherapy Symposium. 

285. Chikamatsu K, Whiteside TL, Storkus W, Lotze MT and DeLeo AB. Generation of human 
cytotoxic T lymphocytes recognizing wild-type sequence p53 epitopes from peripheral blood 
lymphocytes using autologous dendritic cells. Proc Amer Assoc Cancer Res 39:84(569), 1998 

Presented :AACR Annual Meeting March 28-April 1, 1998, New Orleans. 

286. Esche C, Lotze MT, Shurin MR. Accumulation of intratumoral dendritic cells in vivo using 
FLT3 ligand: a new tool for immunotherapy of melanoma and lymphoma. Proc Amer Assoc 
Cancer Res 39: 1 72(1 1 80), 1 998 

Presented:AACR Annual Meeting March 28-April 1, 1998, New Orleans. 

287. Shurin MR, Lokshin A, Esche C, Lotze MT. Tumors induce apoptosis of dendritic ceIls:role of 
FLT3-ligand and IL-12 in tumor -associated dendritic cell function. Proc Amer Assoc Cancer 
Res 39:550(3745), 1998 

Presented: AACR Annual Meeting March 28-April 1, 1998, New Orleans. 

288. Giezeman-Smits KM, Okada H, Brisette-Storkus CS, Villa LA, Attanucci J, Tahara H, Lotze 
MT, Chambers WH, Bozik ME. Immunity aftainst Interleukin-4 producing 9L rat glioma is 
mediated by tumor-specific interferon-3 producing CD8+ cells. FASEB J. 12:1622(A278), 1998. 

Presented: FASEB/ AAI Annual Meeting, April 19, 1998, San Francisco. 
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289. Peron JM, Subbotin V, Haluszczak C, Lotze MT, Shurin MR. The anti-tumor effect of FLT3- 
ligand administration on murine liver metastases is mediated in part by NK cells. Digestive 
Diseases Week.Abstract 1937 (pA-482), 1998. 

PresentedrDigestive Diseases Week, May 18, 1998, New Orleans. 

290. Lotze MT. Immunotherapy of Unresectable Pancreatic Carcinoma. Digestive Diseases Week and 
the 98th Annual Meeting of the American Gastroenterologic Association. 1998 Consensus 
Conference Program. 

Presented:Digestive Diseases Week, May 18, 1998, New Orleans. 

291 . Lotze MT. Dendritic cell therapies. 

Presented ASCO Education Session on Tumor Vaccines. Saturday May 16, 1998 and 
Sunday May 17, 1998., Los Angeles. 

292. Lotze MT. Dendritic Cell Based Therapy of Cancer. 

Presented at the 10th British Cytokine Group Meeting in London; June 1 8th, 1998. 

293. Lotze MT, Ronna Campbell, Andrew Amoscato, Robbie Mailliard, Walter J. Storkus, Hideaki 
Tahara, Michael Shurin. "Dendritic cells Regulate the Immune Response to Cancer" 

Presented: 13th Aspen Cancer C o nference Ju l y 19th , 1998 . : 

294. Odoux C, Lotze MT, Kim PK, Amoscato A, Luketich J, Weigel T. Paclitaxel activates caspase-3 
and induces apoptotic death in human lung cancer: Is it really fas dependent? 

Presented: Submitted American Thoracic Society, April 23-28, 1999. 

295. Dallal R, Christakos P, Lotze MT. Paucity of dendritic cell (DC) infiltrate in pancreatic 
carcinoma (PCa) predicts poor prognosis. ProcAssoc of Acad. Surgery 32:207(P7), 1998. 

Presented: Association of Academic Surgery Seattle November 19-22, 1998. 

296. Lotze MT. Genetically Modified Dendritic Cells as Vaccines. 

Presented:Postgraduate Course No. 15 - Molecular Biology for Surgeons: A Primer. 84th 
Annual Clinical Congress of theAmerican College of Surgeons, Orlando FL; October 27, 
1998. 

297. Shurin MR, Esche C, Peron J-M, Hunter OC, Lotze MT. FLT3 Ligand (FL) and Interleukin-12 
(IL-12) regualte generation, migration, and survival of dendritic cells (DC). Eur. Cytokine 
Network 9:509 (#229). 

Presented: International Cytokine Conference Jerusalem, September 1998. 

298. Lotze MT. Enhancement of Immune Response by Cytokines. 

Presented: Keystone Symposium, HIV Vaccine Development: Opportunities and 
Challenges. Keystone, CO. January 8, 1999. 
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299. Lotze MT. Angiogenesis and the Dendritic Cell System. 

Presented: First International Symposium on Anti-Angiogenic Agents. Irving, TX. 
January 29, 1999. 

300. Lotze MT. Direct Delivery of Dendritic Cells to Tumors. 

Presented: International Workshop on the Use of Dendritic Cells in Cancer Therapy. 
Innsbruck, Austria. February 11, 1999. 

301. Lotze MT. Recognizing Melanoma - evaluation and treatment. 

Presented: Citizens General Hospital, New Kensington, PA. March 9, 1999. 

302. Lotze MT. Cytokine Gene Therapy of Cancer. 

Presented: Cancer Progress Conference March 22-23, 1999. The Plaza, New York City. 

302. Lotze MT. Tumor Vaccines 

Presented: American Association for Cancer Research 90 th Annual Meeting. 
Philadelphia, PA. April 10-14, 1999. 

303. Lotze MT. The Role of Dendritic Cells in Cancer Vaccines. 

Presented: Fifth International Congress on Biological Response Modifiers. Toronto, 
Canada April 79-30, 1999. 

304. Egawa S. Lotze MT. Future Directions for the Biologic Therapy for Pancreatic Cancer. 

Presented: Innovations in GI Cancer Control and Management: Genetics and Pancreatic 
Cancer. Pittsburgh, PA. May 3, 1999. 

305. Lotze MT. Melanoma Vaccines 

Presented: Hematology/Oncology Noontime Conference. Darthmouth-Hitchcock 
Medical Center. Lebanon, NH May 13, 1999. 

306. Flaherty LE, Atkins M, Sosman HJ, Clark J, Margolin K, Dutcher J, Gordon M, Lotze M, Weiss 
G.Randomized Phase II Trial of Chemotherapy and outaptient biotherapy with Interleukin-2 (IL- 
2) and interferon alpha (IFN) in metastatic malignant melanoma (MMM). 

Presented: ASCO, May 14, 1999. 

306. Kang W-K, Park C, Lee H, Jang S, Choi K, Kim WS, Yoon SS, Lee H-K, Yang J-Y, Lotze MT, 
Robbins PS, Tahara H, Kim S, Park K, Park CH. A Phase I Clinical Trial of Gene Therapy with 
Interleukin-12 Gene-modified Autologous Fibroblasts: Monitoring of the Immune Response. 

Presented: American Society of Gene Therapy; Washington, DC. June 11, 1999. 

307. Lotze MT. Into Thin Air - Regulation of the Acute and Chronic Inflammatory Response by 
Interferon y Inducting Cytokines. 

Presented: British Cytokine Group - Perspectives in Cytokine Research. London, UK. 
June 18-19, 1999. 
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308. Lotze MT. Advances in Vaccine Therapy for Cancer. 

Presented: Surgery Branch/ ACS Research Seminar Program. Bethesda, MD. August 
27, 1999. 

309. Lotze MT. Cytokine Gene Therapy of Cancer Using Fibroblasts or DCs. 

Presented: 1999 Meeting of the Institute of Human Virology. Baltimore, MD. 
September 2, 1999. 

310. Mailliard RB, Lotze MT. Major Phenotypic, Morphologic and Functional Differences between 
DCs Stimulated with Monocyte-condition Medium or Cytokine Cocktail. 

Presented: Tumor Escape from Immune Recognition: Molecular Mechanism and 
Functional Significance Meeting. Baltimore, MD. August 22-23, 1999. 

311. Lotze MT. Summary: Antitumor Response in RCC 

Presented: First International Kidney Cancer Symposium. Chicago, IL. October 2, 1999 

312. Lotze MT. Protection of Effector Cells in the Tumor Microenvironment: DC, Vaccines, 
Cytokines. 

Presented: International Cancer Microenvironment Forum. Pittsburgh, PA. October 4-5, 
1999 

313. Lotze MT. Dendritic Cell Therapy: Not Just an Antigen Presenting Cell. 

Presented: 6 th International Workshop on Langerhans Cells. New York, NY October 9, 
1999. 

314. Lotze MT. Dendritic Cell Therapy of Cancer 

Presented: Surgical Biology Club 47 th Annual Meeting. San Francisco, CA October 10, 
1999. 

315. Lotze MT. Novel Cytokines in the Treatment of Cancer. 

Presented: AACR-NCI-EORTC International Conference. Molecular Targets and 
Cancer Therapeutics. Washington, DC. November 16, 1999. 

3 1 6. Lotze MT. Dendritic Cells - not just antigen-presenting cells. 

Presented: DC Approaches to Immunotherapy. Boston, MA October 3 1 , 1 999 

317. Numasaki M, Nukiwa T, Robbins D, Lotze MT, Tahara H. CD40L expression by tumor cells 
elicits potent anti-tumor immunity: IL-12 dependent and IFN-y-independent mechanism and in 
cooperation with GMCSF and IL-12. Proc. AACR 91:1 14 (#725),2000 

Presented: AACR 91 st Annual Meeting April 1-5, 2000, San Francisco, CA 

3 1 8. Okada H, Attanucci J, Witham T, Villa L, Erff M, Fellows WK, Lotze MT, Chambers WH, 
Pollack IF. Effective combination therapy using a dendritic cell vaccine and local interleukin-4 
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gene delivery for gliomas. Proc. AACR 91:114 (#727),2000 

Presented: AACR 91 st Annual Meeting April 1-5, 2000, San Francisco, CA 

3 1 9. Dworacki G, Meidenbauer N, Kuss I, Saito T, Hoffmann T, Gooding W, Lotze M, Whiteside 
TL. Tumor-induced signaling defects and apoptosis in circulating T cells of patients with 
metastatic melanoma. Proc. AACR 91:711 (#4522),2000 

Presented: AACR 91 st Annual Meeting April 1-5, 2000, San Francisco, CA 

320. Pirtskhalaishvili G, Gambotto A, Yamabe K, Lotze MT, Shurin MR. Protection of dendritic 
cells (DC) from tumor-induced apoptosis increases the efficacy of DC-based therapy in a murine 
prostate cancer model. Proc. AACR 91 :43(#277),2000 

Presented: AACR 91 st Annual Meeting April 1-5, 2000, San Francisco, CA 

32 1 . Egawa S, Mailiard R, Lotze MT. Peripheral blood monocytes derived dendritic cells generated 
with interferon-a and granulocyte-macrophage cology-stimulating factor are potent IL-12 
producers. Proc. AACR 91: 191 (#1223),2000 

Presented: AACR 91 st Annual Meeting April 1-5, 2000, San Francisco, CA 

322. Esche C, Cai Q, Subbotin VM, Lotze MT, Shurin MR. Interleukin-12 stimulates predominantly 
myeloid dendropoiesis while FLT3 ligand stimulates both myeloid and lymphoid dendropoiesis 

in vivo Proc A ACR 91 •37S(#?378),2000 : 

Presented: AACR 91 st Annual Meeting April 1-5, 2000, San Francisco, CA 

323. Shurin GV, Shurin MR, Lotze MT, Barksdale EM. Neuroblastoma-derived gangliosides inhibit 
dendritic cell generation and function. Proc. AACR 91 :41 5(#2644),2000 

Presented: AACR 91 st Annual Meeting April 1-5, 2000, San Francisco, CA 

324. Shurin MR, Lotze MT. A new mechanism of antitumor activity of IL-12: Stimulation of the 
dendritic cell system. Proc. AACR 9 1:521 (#3321), 2000 

Presented: AACR 91 st Annual Meeting April 1-5, 2000, San Francisco, CA 

325. Lotze MT. Molecular Targets for Melanoma Therapy; invited speaker inAACR Minisymposia 
on Melanoma (Chair: Nicholas Hayward) 

Presented: AACR 91 st Annual Meeting April 1-5, 2000, San Francisco, CA 

326. Shurin MR, Esche C, Galaychuk I, Lotze MT. Melanoma-induced inhibtion of the dendritic cell 
system. Proc. ASCO 36: 556a(#2189),2000 

Presented: ASCO 36 th Annual Meeting May 20-23, 2000, New Orleans, LA 

327. Jonak ZL, Ho YS, Trulli S, McCabe FL, Maier C, Kirkpatrick R, Elefante L, Chen Y-J, Herzyk 
D, Johansen K, Lotze MT, Johnson RK. IL18 mediates antitumor effects in advanced murine 
tumor models. J. Immunotherapy, in press. 

Presented: SBT 15th Annual Scientific Meeting, Seattle October 28-31, 2000. 
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328. Shimamura H, Cumberland R, Hiroishi K, Watkins SC, Lotze MT, Baar J. Murine dendritic cells 
induce the apoptosis of a syngeneic tumor. J. Immunotherapy, in press. 

Presented: SBT 15th Annual Scientific Meeting, Seattle October 28-31, 2000. 

329. Son Y-I, Mailliard RB, Myers EN, Lotze MT. Dendritic cells with apoptotic tumors have 
antitumor effects when combined with IL-2. J. Immunotherapy, in press. 

Presented: SBT 15th Annual Scientific Meeting, Seattle October 28-31, 2000. 

330. Mailliard RB, Egawa S, son Y-I, Bahnson A, Lotze MT. Dendritic cells and T-cell interactions 
following specific engagement of tumor. J. Immunotherapy, in press. 

Presented: SBT 15th Annual Scientific Meeting, Seattle October 28-31, 2000. 

33 1 . Zdenka L Jonak, Stephen Trulli, Francis L McCabe, Danuta Herzyk, Robert Kirkpatrick, Louis Elefante, 
Yi-Jiun Chen, Kyung Johanson, Curtis Maier , Yen Sen Ho, Michael T Lotze, Randall K Johnson. IL- 1 8 
is an Immunomodulator of Anti-tumor Response in Advanced Murine Tumor Models 

Presented: AACR, New Orleans, 200 1 . 

332. Fujii S-I, Shimizu K, Shimizu T, Lotze MT. Survival of antigen specific CD8+ T cells capable of 
mediating rapid effector function and tumor elimination. 

Pesented: IL10 Meeting, 2001; Milan, Italy. 



333. Lotze Michael T. Novel Biologic Approaches in Lung Cancer. 

Presented: 2nd International Lung Cancer Congress. Kauai, Hawaii; July 18-21, 2001. 

334. Sallusto Federica and Lotze Michael T. Workshop 2.7. Origin and Migration of Dendritic Cells. 

Presented: 1 1th International Congress of Immunology. 22-27 July 2001 ; Stockholm, 
Sweden. 

335. Lotze Michael T. Interleukin 18 and the regulation of Immunity. 

Presented: Trudeau Institute; February, 2001. 100 Algonquin Avenue; Sararanac Lake, 
NY. 12983. 

336. Lotze Michael T. Interleukin 18 promotes immune response to cancer. 

Presented: Surgery Branch, NCI. Bethesda MD; August 29, 2001. 

337. Lotze Michael T. Dendritic cells mediate cytokine dependent antitumor effects. 

Presented: German Immunology Society Meeting, September 29, 2001. 

338. Agha-Mohammadi Siamak, Lotze Michael T. Second generation tetracycline-regulated 
promoters. 

Presented: 5 th Annual Society of Gene Therapy. June 5-9, 2002; Molecular Therapy 
5:S28[76],2002. 

339. Jonak ZL, Trulli S, McCabe FL, Chen Y-J, Elefante L, Tapley P, Herold K, Kirkpatrick R, 
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Johanson K, Herzyk D, Lotze MT, Johnson RJ. Interleukin-18 has curative activity in advanced 

murine tumors: Association with T/NK/DC cellular infiltrates. 

Presented: 93 rd Annual Meeting of the American Association for Cancer Research, San 
Francisco CA, April 6-10, 2002. Proc Amer Assoc Cancer Res 43:438 [2178], 2002. 

340. Lotze Michael T. The message is in the medium: Dendrikines including IL-1 8 regulate 
immunity. 

Presented: First Cellular Therapy Speaker, American Red Cross-Holland Laboratories; 
Rockville, MD; May 29, 2002. 

341 . Lotze Michael T. Interleukin 18 Regulates the Immune Response - Preclinical Studies. 

Presented: University of Western Australia, June 11, 2002. 

342. Lotze Michael T. The Acute and Chronic Immune Response in Cancer - Views of a DC 

Chauvanist [Evangelist] 

Presented: Western Australia Branch, Austalasian Society of Immunology, June 12, 2002 

343. Lotze Michael T, Robbie B. Mailliard, Fumiaki Tanaka, Hideaki Tahara, Andrea Gambotto, 

Sanjay Kumar, Pawel Kalinski. DC-Activating Function of the IL-1 Homologues [IL-1, 
IL- 1 8, IL- 1 F71 and NK Cells in the Development of Antitumor Responses. 
Presented: 1 7 Annual Society for B iol ogica l Ther a py; S a n Diego ; November 9, 2002. 

344. Lotze Michael T. Integrating NK and DC into Cancer Therapy. Keynote Speaker. 

Presented^ Annual Regional Biotherapy Symposium, February 22, 2003. 

345. Lotze Michael T and Bartlett D. Surgical Forum III; Cochair and Speaker 

Presented 53 rd Society of Surgical Oncology Meeting; Los Angeles, CA; March 8; 2003. 

346. Lotze Michael T. Identifying and Integrating Biomarkers and Surrogates into the Biologic 
Therapy of Cancer 

Presented: Cancer Progress 2003; NY, NY March 17-18, 2003. 

347. Lotze Michaet T. Coorganizer, Biologic Therapy of Cancer Minisymposium, May 13-15, 2003; 

Presented: 3 rd Annual Meeting Federation of Clinical Immunology Societies, Paris. 

348. Lotze Michael T. Biologic Therapy of Cancer - Dealing with Death. 

Presented: 104 th Meeting of the Japan Surgical Association: Challenges for The New 
Surgical Frontier; Osaka, Japan; April 8, 2004. 

349. Lotze Michael T. Biomarkers and Surrogates. 

Presented: 2 nd Annual Biomarkers and Pharmaco-proteomics; Speeding Drug Discovery 
and Development; Renaissance Hotel, Washington DC; July 15-16, 2003. 

350. Lotze Michael T. Cytokine-based trials for cancer. 
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Presented: Grand Rounds and Plenary Speaker, Frye-Halloran Symposium [Viruses, 
Cancer and Immunity] in Neuro-Oncology; Neurosciences Grand Rounds, Massachusetts 
General Hospital 

35 1 . Lotze Michael T. Cytokine Biology and Therapy. 

Presented: Cancer Immunology and Immunotherapy Summer School; September 8-13, 
2003; Ionian Village, Greece; Organizing Committee and Lecturer 

352. Lotze Michael T. Cancer Biometrics; Imaging and Flow Cytometry; Addicted to Death - 

HMGB1 Promotes Tumor Growth. 

Presented: 18 th International Meeting, iSBTc; Bethesda, MD. October 30- November 2, 
2003. 

353. Lotze Michael T. Biomarkers in Melanoma. 

Presented: 2 6mcs Joumees des Cordeliers ; October 1-3, 2003. Paris 

354. Lotze Michael T. Etiologic Role of UV and Molecular Markers of Melanoma 

Presented: Perspective in Melanoma VI; November 13-14, 2003. Miami 

355. Lotze Michael T. Integrating NK and DC into Cancer Therapy. 

Presente d: Corn e ll University , Weill Medical College Medicine Grand Round s ; 

December 4, 2003. New York. 

356. Lotze Michael T., DeMarco Richard. HMGB1 and Tumor Immunology 

Presented: Symp. VIII Moderator, Biology and Therapeutic Application of DCs in 
Chronic Inflammation; 6 th Congress - Trauma, Shock, Inflammation and Sepsis; March 3, 
2004; Munich; Shock 21 :S36, 143, 2004. 

357. Lotze Michael T. Biologic Therapy of Cancer 

Presented: 2004 International Research Forum; Leukemia Research Fund, March 16, 
2004. London. 

358. Lotze Michael T., Tahara H, Storkus WJ, Whiteside TL, Hall T, Kinzler D, Zeh HJ. Ten Year 

Experience and Follow-up of Effective Gene Therapy in Patients with Cancer. 
Presented: 57 th Annual Cancer Symposium; Society of Surgical Oncology; March 17-24, 
2004; New York. 

359. Lotze Michael T., Biologic Therapy of Cancer by Inhibiting Necrotic Signals: HMGB1. 

Presented: Keystone Symposia on New Advances in Drug Discovery; March 21-26, 
2004; Coorganizers, Christine M Debouck, Hoshua Boger, Paul A Bartlett. 

360. Lotze Michael T. Melanoma is a Disorder of Cell Death. 

Presented: 1 st International Symposium on Melanoma and other Cutaneous Malignancies; 
April 23-25, 2004, NYC. 
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361 . Lotze Michael T, Pawel Kalinski, Per Basse, William Chambers, Ronald B. Herberman. 

Integrating NK and DC into Cancer Therapy. 

Presented: 8th Annual Meeting of the Society of Natural Immunity and 20 th Natural 
Killer Cell Workshop; Noordwijkerhout, The Netherlands, April 24-28, 2004. 

362. Lotze Michael T. New perspectives on cancer vaccines: lessons for viruses. 

Presented: 10 th National Symposium on Basic Aspects of Vaccines; Walter Reed, 
Bethesda MD, April 29, 2004. 

363. Lotze Michael T. Biomarkers - Application to drug development, biochemical pathway 

elucidation, and molecular diagnostics. [VTC] 

Presented: Analytic Division of the Analytical Biosciences Group and the Midlands 
Regiona in conjunctin with the British Mass Spectrometry Society; Burleigh Court; 
University of Loughborough; Royal Society of Chemistry; May 1 1 and 12, 2004. 

359. Lotze Michael T. Biologic Therapy of GI Tumors 

Presented: Yokohama, Japan; World Congress of International Society for Digestive 
Surgery; December 8-11, 2004. 

360. Lotze Michael T. Dying Dangerously: Apoptosis, Necrosis, and Cancer, 

Presented: Medical Grand Rounds University of Wisconsin; Madison, WI; Oct. 15, 2004. 

361 . Lotze Michael T. Ethics of Trans lational Research 

Presented: Clinical Scholars Progra, University of Arizona; Tucson, AZ; Dec. 2, 2004. 
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Abstract 

CD8+ cytolytic T lymphocytes (CTLs) are important medi- 
ators for resistance to infections and malignant diseases. 
IL-12 enhances proliferative and cytolytic responses by 
killer cells, but its function in the generation of human anti- 
viral CD8+ T cell responses has not been defined. We 
therefore evaluated the role of IL-12 in the generation of 
CTLs to influenza-infected dendritic cells. IL-12 was not de- 
tectable in supernatants of infected -dendritic cells, or dur- 
ing CTL generation. Furthermore, anti-IL-12 antibody did 
not block CTL generation. However, exogenous IL-12 (30- 
300 pg/m!) enhanced CD8+ T cell proliferative and cy- 
tolytic responses. The effect was greatest in individuals with 
weak reactivity to influenza virus or at antigen-presenting 
cell (APC):T cell ratios of 1:100 or less. IL-12 augmented in- 
terferon-7 production during CTL generation. The CTL en- 
hancing effects of the cytokine, however, could not be 
blocked by neutralizing anti-interferon-7 antibody. To- 
gether with IL-12, antigen-pulsed dendritic cells may be a 
useful approach for boosting CTL responses against infec- 
tious agents and malignancies. (/. Clin, Invest, 1996. 98: 
715-722.) Key words: dendritic cells • cytolytic T cells • 
CD8 + T cells • interleukin 12 • vaccines 

Introduction 

IL-12 is a heterodimeric cytokine with multiple immunoregu- 
latory activities (1, 2). A critical component of the host's innate 
immune response to infection, IL-12 is produced early during 
the inflammatory response by macrophages. It enhances natu- 
ral killer (NK) 1 cell cytoxicity severalfold and rapidly induces 
the production of IFN7, the latter enhancing the antimicrobial 
activity of phagocytic cells (3-6). IL-12 is also a crucial partici- 
pant in the development of acquired immune responses. It in- 
duces the differentiation of Thl cells through its ability to 
prime naive ThO cells for high IFN-v production (7, 8). Further- 
more, it is a potent growth factor for CD8+ T cells (7) and en- 
hances cytolytic responses to alloantigens (9-11) and in anti- 
CD3 redirected assays (12). 

Here, we have evaluated the role of IL-12 in generating cy- 
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tolytic T lymphocyte (CTL) responses to influenza virus, 
which continues to be a source of significant morbidity and 
mortality in humans. We have previously shown that potent 
human CD8+ CTL responses to live or nonreplicating heat- 
inactivated influenza virus can be generated from freshly iso- 
lated blood T cells, provided dendritic cells are the antigen- 
presenting cells (APCs) (13, 14). The response is independent 
of CD4+ T cells or exogenous cytokines. Small numbers of 
dendritic cells suffice, whereas other APCs (macrophages, B 
cells) are inactive in this regard. Dendritic cells effect the de- 
velopment of Thl cells from ThO cells by the production of 
IL-12 (15), suggesting that IL-12 is a key component by which 
these APCs induce T cell-mediated immune responses. 

Using the influenza virus system as a model, we show that 
dendritic cells induce potent CTL responses without produc- 
ing significant levels of IL-12 endogenously. However, the ex- 
ogenous application of IL-12 significantly enhances these re- 
sponses, especially when the baseline CTL response of the 
donor is poor, or if the number of dendritic cells is limiting. 
Based on these findings we suggest that IL-12 may be a useful 
adjuvant for the induction of CTL responses, especially when 
delivered concomitantly with dendritic cells. 

Methods 

Culture medium 

RPM 1-1640 (Gibco Laboratories, Grand Island, NY) supplemented 
with 20 ug/ml gentamicin, 5% human serum, and 10 mM Hepes 
buffer. 

Blood mononuclear cells 

T cells. PBMCs were isolated from buffy coats by density gradient 
centrifugation over Ficoll Hypaque. T cell-enriched and T cell-depleted 
(ER-) fractions were prepared by sheep erythrocyte rosetting. T cells 
were further purified by removal of monocytes, NK cells, and MHC 
class 11+ cells by panning with antibodies to CDllb, CD16, and DR. 
as described (13). T cell subsets (CD4 + and CD8+) were negatively 
selected by incubation with Leu 2 or Leu 3 mAbs, followed by pan- 
ning onto plastic plates coated with goat anti-mouse IgG (13). 

Antigen presenting cells. Monocytes were obtained from ER- 
cells by adherence to plastic for 90 min. The monocytes were dis- 
lodged and used as targets in 51 Cr release assays (see below). Nonad- 
herent ER- cells were depleted of residual monocytes by panning on 
gamma globulin-coated dishes. The remaining cells (primarily B cells 
and dendritic cells) were adequately enriched for dendritic cells to in- 
duce strong CTL responses (13), Since B cells pulsed with influenza 
virus do not elicit CTL responses, in part because the B cell is not in- 
fected with influenza virus (13), we used mixtures of B cells and den- 
dritic cells as APCs in some experiments. Highly purified dendritic 
cells (> 75%) were obtained as low density cells by metrizamide gra- 
dient centrifugation, as previously described (13). 

Virus preparation 

Influenza A virus (PR8, Puerto Rico/8/34, source: allantoic fluid; 
Spafas Inc., Storrs, CT) was either live, or inactivated at 56°C for 30 
min in a water bath. Nonreplicating, heat-inactivated virus, which re- 



Antiviral Cytolytic T Cell Responses Are Enhanced by IL-12 71 5 



tains hemolytic and hemagglutinating activity, is as potent as live vi- 
rus in inducing CD8 + antiinfluenza CTL responses (14). 

Cytokines 

IL-12 (specific activity 5 X 10 6 U/mg) was generously provided by Dr. 
Stanley Wolf (Immunology Department, Genetics Institute, Inc). Re- 
combinant human IL-4, IL-15, and IL-7 were purchased from R&D 
Systems Inc. (Minneapolis, MN). ELISA kits measuring IL-12, IL-2, 
IL-6. TNFa, and IFN^ were purchased from R&D Systems, Inc. 

Neutralizing antibodies 

Polyclonal goat anti-human IL-12, IL-2R (alpha chain, CD25), and 
IFN7 antibodies were purchased from R&D Systems, Inc. The hy- 
bridoma producing neutralizing anti-human IL-12 monoclonal anti- 
body (C8.6) was kindly provided by Dr. G. Trinchieri of the Wistar 
Institute (Philadelphia, PA). 

Induction of CTL responses 

Dendritic cells were infected with 1,000 HAU/ml (moi of 2-4) of dif- 
ferent forms of live or heat-inactivated influenza virus for 1 h at 37°C 
in serum free medium, washed extensively, and added to bulk cul- 
tures of purified syngeneic T cells in 24-well or 48-well plastic dishes 
(Falcon Labware, Lincoln Park, NJ). After 7 d, the cells were har- 
vested and distributed in varying numbers in 100-jxl vol to 96- well mi- 
croliter plates. CTL activity was measured using a standard 51 Cr-release 
assay with infected or uninfected macrophages, as previously de- 
scribed (13). Effector:target (E:T) ratios were 30:1-40:1. In brief, 
macrophages were brought to 10 7 /ml in serum-free medium, and in- 
fected with 1,000 HAU/ml of influenza virus. The cells were simulta- 
neously labeled with 5l Cr by the addition of 400 u,Ci of Na 51 Cr0 4 (1 
mCi/ml, sterile stock; New England Nuclear, Boston, MA) per millili- 
ter. The targets were then washed four times, resuspended to 2 X 10 5 / 
ml, and aliquoted in 50 uJ vol to %-well round bottom dishes contain- 
ing effector cells. Percent specific 51 Cr release was calculated from the 
following formula: 100 X ([release by CTL - spontaneous release]/ 
[total release - spontaneous release]). Spontaneous release was gen- 
erally 15% of the total release. 

Proliferation assays 

2 X 10 5 bulk or CD8+ T cells were plated in 96-well flat bottomed 
plates (Costar, Cambridge, MA) in the presence or absence of vary- 
ing concentrations of cytokines. APCs were partially purified den- 
dritic cells (T:APC ratio of 5:1) or purified dendritic cells (T:APC ra- 
tio of 30:1). APCs were infected with influenza virus as described 
above. Uninfected APCs served as controls. Proliferation was deter- 
mined on days 5-6 with the addition of 4 jiCi/ml of 3 H-TdR for 12-16 h 
to triplicate microwells (mean cpm). 

Results 

IL-12 is not produced in dendritic cell-dependent CTL re- 
sponses. Potent antiinfluenza CTL responses are induced 
from resting CD8+ T cells when dendritic cells are the APCs 
(13). Dendritic cells can produce IL-12 (15, 16) and direct the 
development of Thl cells from CD4+ T cells (15). However, it 
is not known whether IL-12 is synthesized after infection with 
virus and during contact with CD8+ T cells. Using a sensitive 
ELISA system, we found that dendritic cells infected with live 
replicating influenza virus produced little to no 11^12 p70 het- 
erodimer (range of 4-10 pg/ml in four separate experiments). 
Furthermore, significant levels of 11^12 were not detectable in 
T cell-dendritic cell culture supernatants over the 7-d period 
during which CD8+ CTLs normally develop (< 15 pg/ml). In 
contrast the cytokines IL-2, TNFot, WNy and IL-6 were detect- 
able by ELISA (data not shown). Several other stimuli includ- 
ing LPS (reported to induce EL-12 mRNA in murine splenic 



dendritic cells, [17]), superantigens (staphylococcal enterotox- 
ins), or addition of allogeneic T cells also failed to elicit high 
levels of IL-12 by dendritic cells. 

In the CTL cultures, dendritic cells were added at 1 cell per 
30 T cells. We considered the possibility that very low levels of 
IL-12 were produced in the supernatants. Neutralizing anti- 
IL-12 antibody was therefore added to the culture system. 
CTL responses were not blocked by anti-IL-12 antibody (5-25 
jxg/ml [Fig. 1] and data not shown) but were significantly sup- 
pressed by the addition of anti-IL-2 R antibody (a chain spe- 
cific). IFN7 production was also unaffected by the addition of 
anti-IL-12 to the dendritic cell-T cell cultures. This suggests 
that endogenous IL-2, rather than IL-12, was responsible for 
EFN-y production. Indeed, IFN^ levels were markedly dimin- 
ished by the addition of anti-11^2 R a antibody (Fig. 1). Thus 
our data suggest that dendritic cells do not produce biologi- 
cally significant levels of IL-12 after virus infection, and that 
IL-12 is not produced during the development of potent antivi- 
ral CTLs. The antiinfluenza CTLs that are generated in bulk T 
cell cultures by virus-infected dendritic cells are CD8+ (13). 
However, there is a substantial number of CD4+ T cells pre- 
sumably responding to influenza antigens in a class II re- 
stricted fashion Even their presence, however, was insufficient 
to elicit IL-12 from influenza infected dendritic cells. 

IL-12 enhances T cell proliferative responses to influenza- 
virus infected dendritic cells. IL-12 stimulates the prolifera- 
tion of activated T and NK cells but causes minimal prolifera- 
tion of resting peripheral blood mononuclear cells (7). We 
evaluated the effects of IL-12 on enhancing T cell proliferative 
responses to influenza virus-infected dendritic cells. Marked 
increases in proliferative responses were noted with the addi- 
tion of IL-12 at low doses (Fig. 2). IL-12 is known to enhance 
proliferative responses to mitogen- activated T cells in the pico- 
molar range (7). This was true for both bulk T cells (Fig. 2/1), 




(•) a IL-12 goatlg a IL-2 R a 



Figure 1. Antiviral CTL and IFN7 responses that are induced by den- 
dritic cells are blocked by anti-IL-2 but not anti-IL-12 antibodies. 
Bulk T cells were cocultured with uninfected or influenza infected 
dendritic cells (T:DC ratio 30:1) in the presence of 5 n-g/ml of goat 
anti-IL-12 ab and anti-IL-2R alpha chain ab, or goat IgG. After 7 d 
the effector cells were tested for cytolytic activity of influenza in- 
fected syngeneic macrophage targets in a Cr release assay. E:T ratio 
was 30:1. Lysis of uninfected macrophage targets was < 5% (data not 
shown). Similar results were obtained in three other experiments. 
The numbers in parentheses refer to the concentrations of IFN7 (ng/ 
ml) in the supernatants on the third day of culture. 
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Figure 2 IL-12 enhances T cell proliferative responses to influenza 
virus-infected dendritic cells. Bulk T cells (4), (Q or CD8+ T cells 
(fl), were cultured with virus- infected or uninfected APCs for 5 d. 
IL-12 (4 and B) and IL-15 (C) were added in graded doses. Black 
portions of the bars represent the proliferative response to uninfected 
APCs while the hatched portion represent the responses to influenza- 
infected APCs. Proliferation was determined by the addition of 
J H-TdR for 16 h on day 5. Results are means of triplicates. The data 
are representative of two experiments. 



as well as for highly purifed CD8+ T cells (Fig. 2 B). Back- 
ground responses were minimal. T cell yields were increased 
up to twofold (data not shown). We also evaluated IL-15, a cy- 
tokine which shares many of the properties of IL-2 (18), and 
enhances CD4+ T cell-dependent responses to antigen (19). 
In contrast to IL-12, 11^15 produced dramatic background re- 
sponses in bulk T cell populations (Fig. 2 C). Antigen specific 
Tcell proliferative responses were still evident, however. IL-15 
can induce some proliferation in bulk populations of human 
blood mononuclear cells (19). When 11^15 was added to puri- 
fied CD8+ T cells, the responses generated to uninfected vs vi- 
rus-infected dendritic cells was similar even with low doses, 
e.g., 50 pg/ml (data not shown). 

IL-12 enhances weak antiviral cytolytic T cell responses. 
While dendritic cells induce strong CD8+ CTL responses to 
influenza virus, macrophages are weak or inactive. This may 
be due to apoptosis, observed 12-16 h after infection of mac- 
rophages with virus (20). However, macrophages are useful as 
target cells in short term CTL assays because > 70% get in- 
fected. B cells are poor stimulators of the T cell response to the 
virus, probably because they are infected poorly with influenza 
(13). As a result it is convenient for eliciting CTL responses to 
select macrophages as CTL targets, and to use T and macro- 
phage-depleted blood populations as partially enriched 
sources of dendritic cells. The latter generally contain about 
3-5% dendritic cells and are highly effective at inducing 
CD8+ CTL responses (13). 

IL-12 (100 pg/ml) enhanced the cytolytic activity of bulk T 
cells towards influenza-infected, macrophage target cells (Fig. 
3). Two situations were identified where IL-12 was most effec- 
tive. When low doses of APCs were used (T: APC ratio = 30:1, 
Fig. 3 A or T:dendritic cell ratio - 10ft 1, Fig. 3 B) y IL-12 re- 
stored cytolytic activity to levels seen at higher doses of APCs. 
IL-12 was also effective when the blood donors had weak 
baseline antiinfluenza CTL responses (Fig. 3 B). The enhanc- 
ing effects of IL-12 were also evident with highly purified 
CD8+ T cells that were stimulated with influenza-infected 
dendritic cells (Fig. 4). We confirmed that the responding cells 
in the preparation were primarily CD8+, by staining with 
monoclonal antibodies at the end of the 7-d culture period 
(data not shown). 
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Figure 3. IL-12 enhances antiin- 
fluenza virus CTL responses in- 
duced by dendritic cells. Par- 
tially enriched dendritic cells or 
"APCs" (A), or purified den- 
dritic cells (B), were uninfected 
or infected with influenza virus 
and added at various ratios to 
bulk T cells. IL-12 was added at 
100 pg/ml. Lytic activity was de- 
termined after 7 d on syngeneic 
macrophage-infected targets 
(E:T ratio = 40:1). Lysis of unin- 
fected targets was < 5% (data 
not shown). 
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Figure 4. IL-12 enhances cytolytic T cell responses from purified 
CD8 + T cells. CD8+ T cells were cultured with uninfected or in- 
fluenza virus- infected APCs (partially enriched dendritic cells) at 
T:APC ratio of 50:1 in the presence or absence of IL-12 (100 pg/ml). 



In summary, IL-12 appears to be most effective in enhanc- 
ing CD8+ CTL responses when APC numbers are limiting or 
the CTL response of the donor is weak to begin with. 

IFNy is not responsible for the IL-12-induced enhancement 
of CTL responses. IL-12 has a major role in facilitating the 
production of IFNy by peripheral blood lymphocytes (re- 
viewed in [1]). IL-12 enhanced both antiviral cytolytic re- 
sponses and EFN-y production in a dose-dependent manner 
(Fig. 5 A). The highest responses were observed at doses of 
100-300 pg/ml, similar to that seen in the T cell proliferation 
assays (Fig. 2). Similar results were obtained when (a) CD8+ 
T cells were used (data not shown), or (b) heat inactivated, 



After 7 d, effector cells were harvested and lytic activity was deter- 
mined on syngeneic macrophage-infected targets at various E:T ra- 
tios. Lysis of uninfected targets was < 5% at all E:T ratios used (data 
not shown). This result is typical of experiments with donors exhibit- 
ing CD8+ CTL responses of 20-30% without IL-12. 
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Figure 5. Exogenous IL-12 en- 
hances dendritic cell-dependent 
CTL responses and IFN-y produc- 
tion in a dose-dependent fashion. 
(y4) Bulk T cells were cultured with 
influenza-infected or uninfected 
dendritic cells (T:DC = 50:1) in the 
presence or absence of IL-12 (10- 
300 pg/ml). After 7 d effector T 
cells were assessed for lytic re- 
sponses on infected syngeneic mac- 
rophages (left). Supernatants were 
collected from the cultures on day 3 
and evaluated for IFN7 production 
(right). (B) Bulk T cells were cul- 
tured with uninfected dendritic 
cells or cells infected with heat in- 
activated influenza virus (T:DC = 
50:1) in the presence or absence of 
IL-12 (10-300 pg/ml). Effector cy- 
tolytic activity was measured as de- 
scribed after 7 d. 
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Table /. Anti-IFNy does not Block the CTL-enhancing 
Function of IL-12 

Percentage specific lysis of targets 



Hl-FLU 


Treatment 


MO 1-1 






goat Ig 


0 


5 




anti-IFN*/ 


0 


8 




IL-12 


0 


5 




IL-12 + goat Ig 


0 


5 




IL-12 + anti-IFN-y 


0 


3 


+ 


goal Ig 


0 


17 


+ 


anti-IFN-y 


0 


17 


+ 


IL-12 


2 


36 


+ 


IL-12 + goat Ig 


3 


45 


+ 


IL-12 + anti-IFN^ 


3 


34 



Highly purified CD8+ T cells were cultured with uninfected dendritic 
ceils or dendritic cells infected with heat-activated influenza virus 
(HI -FLU) in the presence or absence of interleukin 12 (300 pg/ml). 
The T:APC ratio was 50:1 . Neutralizing goat anti-IFNy or control goat 
IgG were added at a final concentration of 25 u.g/ml on the first and 
fourth days of culture. Antiviral cytolytic activity was assessed on syn- 
geneic uninfected, MO (-], or virus-infected macrophage targets, MO 
[ + ], after 7 days. The data are representative of three experiments. 

replication deficient virus was used (Fig. 5 B). Even at low 
doses (10 pg/ml), there was greater than fivefold increase in 
the quantity of IFN-y produced. This sensitivity to IL-12 has 
been described in other culture systems (1, 5, 6). 

We considered the possibility that IFNy production in- 
duced by IL-12 was mediating the induction of CD8+ CTLs by 
virus- infected dendritic cells. Endogenous 11^12 production is 
critical to the generation of NK cell and T cell responses 
through the production of IFN-y, best demonstrated in models 
of bacterial and parasitic infections (reviewed in [1]). We 
added large doses of neutralizing anti-IFNy antibody to cocul- 
tures of T cells and virus-infected dendritic cells in the pres- 
ence of IL-12. As seen in Table I, the antibody did not block 
the induction of cytolytic activity in highly purified CD8+ T 
cell populations. We confirmed that significant amounts of 
IFN-y were being synthesized in the culture medium in re- 
sponse to IL-12 (up to 2.7 ng/ml). Since our cultures were ex- 
tensively depleted of NK cells, it is unlikely that they were the 
source of IFNy production (see below). We verified that the 
major responding cells in the cultures after 7 d were CD8+ T 
cells and not NK cells by FACS® analysis. 

We determined that IL-12 was responsible for the majority 
of IFN7 production by CD8+ CTLs. Anti-IL-12 neutralizing 
antibody blocked the induction of IFN-y release induced by IL- 
12, as well as the enhanced CTL responses. Anti-11^2 Rot only 
partially reduced the IFN-y release and CTL responses induced 
by IL-12 (by ~ 40%, data not shown), indicating that the ma- 
jority of IFN7 produced is due to IL-12. 

Comparison of a panel of cytokines on the enhancement of 
antiviral CTL responses. IL-12 was compared with a panel of 
cytokines that are also known to promote CD8+ CTL re- 
sponses. IL-12 was the most potent enhancer of antigen- 
dependent CTLs (Fig. 6, A and B). IL-7, a growth factor impli- 
cated in the development of CD8+ CTLs (21), appeared to be 
considerably less effective even when added at 1 ng/mL Inter- 
estingly, IL-4, a key cytokine for the induction of Th2 re- 
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Figure 6. Both IL-12 and IL-4 can selectively enhance virus-specific 
CTL responses to influenza virus-infected dendritic cells. (A) Bulk T 
cells were stimulated with uninfected or influenza infected, partially 
purified dendritic cells (T:APC ratio of 5:1) for 7 d in the presence of 
various cytokines. CTL responses were tested on syngeneic influ- 
enza-infected macrophages. Note the high background with IL-15. 
(B) Bulk T cells were stimulated with purified dendritic cells at a T:DC 
ratio of 60:1. After 7 d effector cells were tested for virus specific CTL 
activity. Lysis of uninfected targets was < 5% at all E:T ratios used 
(data not shown). 



sponses, and which normally counteracts the effects of IL-12, 
also enhanced the CTL responses significantly. IL-15 in- 
creased the CTL response as well, but also caused a substantial 
rise in the background (Fig. 6, hatched bars), as noted previ- 
ously in the T cell proliferation assays (Fig. 2). IL-2 was similar 
to IL-15 in inducing backgrounds and combinations of IL-2 
and IL-12 were not synergistic in enhancing CTL responses 
(data not shown). 

Discussion 

Activation of antiviral CD8+ CTLs by dendritic cells is enhanced 
by IL-12. Dendritic cells are specialized antigen-presenting 
cells for the induction of T cell-mediated immune responses 
(reviewed in [22]). Their efficacy is based on their ability to 
prime CD4+ and CD8+ T cells in small numbers and high ex- 
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pression of adhesins, costimulators, and intracellular vesicles 
critical for antigen presentation. Another means by which dendri- 
tic cells induce potent T cell responses is via the release of IL-12. 
Using murine TCR transgenic CD4+ T cells, Macatonia et al. 
(15) showed that dendritic cells induce the differentiation of naive 
T cells into IFN-y producing Thl cells by synthesizing IL-12. 

Dendritic cells induce potent human antiviral CD8+ CTL 
responses without the requirement for CD4+ T cells or exoge- 
nous cytokines (13). We hypothesized, therefore, that den- 
dritic cells produce IL-12 when stimulating strong antiviral 
CD8+ CTL responses. However, dendritic cells did not pro- 
duce significant levels of IL-12 after influenza virus infection 
or when stimulating either bulk or purified CD8+ T cells. Sev- 
eral stimuli known to produce IL-12 from human macro- 
phages, e.g., LPS, Staphylococcal aureus Cowan strain 1, allo- 
geneic T cells, in our hands induced little to no IL-12 when 
added to human blood dendritic cells. IL-12 may only be mobi- 
lized by dendritic cells after certain conditions of T cell activa- 
tion (15). For example, interaction between CD40L on acti- 
vated T cells and CD40 on APCs is critical for the priming of 
Thl cells (23, 24). The CD8+ CTLs generated in our system 
may express only low levels of CD40L. Alternatively, the pro- 
duction of IL-12 may critically depend on the source and/or 
the maturational state of dendritic cells. 

The addition of low doses of IL-12 to purified bulk or 
CD8+ T cells and influenza virus-infected dendritic cells in- 
creased both the proliferative and CTL activities substantially 
(2-20-fold). Our study provides the first evidence of the en- 
hancing effects of IL-12 on human antiviral CD8+ T cell re- 
sponses. In those instances where donors had weak or poor 
baseline antiviral responses, the effect of adding IL-12 was 
dramatic. A strong antiviral immune response was elicited 
where little to none could be previously detected (Figs. 3 and 
6). We feel this is an amplification of a low level of CD8+ T 
cell memory rather than a primary response, since one would 
not expect to detect levels of 3CM0% CTL lysis in a primary 
response. While enhancement to such levels are seen with 
IL-12 in CTL responses to alio antigens or after stimulation 
with anti-CD3, there the number of responsive T cells is very 
high (9, 10, 12, 25). IL-12 was also effective when the dose of 
dendritic cells was less than optimal or limiting (Fig. 3). 

IL-12 directly amplifies the antiviral effects of highly puri- 
fied CD8+ T cells. The amplification of both the proliferative 
and the antiviral CTL responses correlated with the amount of 
IFN7 produced in the cultures. In these respects, 11^12 effects 
on enhancing antiviral CTLs is like the effects on bulk NK cells 
(5, 6), as long as antigen is being presented by dendritic cells. 

Mechanism of IL-12 in enhancing CTL responses. IL-12 
likely increases CTL responses through several ways. By func- 
tioning as a growth factor (7), it increases the number of Tee lis 
responding to antigen (up to twofold as shown here and re- 
ported in reference 12), and enhances the production of 11^2 
(19, 26) and/or the expression of the IL-2 high affinity receptor 
(CD25, [27]). The effect of IL-12 may be direct since it is not 
blocked by anti-IL-2Ra (7, 10-12). Activation of NK cells by 
IL-12 is similarly not dependent on cytokines such as IL-2 (1, 
5, 6). In our system IL-2 was critical, since the addition of anti- 
IL-2Ra antibody substantially blocked CTL responses as de- 
scribed by others (9). 

IL-12 may also upregulate the expression of perforin (11), 
serine esterase levels and cytotoxic granules in CD8+ CTLs 
(10, 12). A direct increase in the the CTL precursor frequency 



has also been postulated. However, we were unable to mea- 
sure enhanced CTLp levels under limiting dilution conditions 
(data not shown). 

IL-12-induced IFN-y could directly enhance antiviral re- 
sponses through its effects on infected target cells. This is one 
mechanism by which NK cells clear virus (28). We found, how- 
ever, that the addition of neutralizing anti-IFNY antibodies did 
not block either the induction of or killing capacity of CD8+ 
CTLs in the presence of IL-12. These findings are in concor- 
dance with those of Mehrortra et al. (12) who showed that the 
synergistic effects of IL-2 and IL-12 on CTL generation were 
not blocked by anti-IFNY, and Bloom et al. (11) in the murine 
system where allospecific CTL generation was studied. 

Our results do not rule out a role for IFNy in antiinfluenza 
responses, however, or of cytokines such as TNFu which are 
also produced in response to IL-12. This is because our assays 
are designed to measure cytolytic activity of virus-infected tar- 
get cells vs elimination of virus through other inhibitory mech- 
anisms. IFN7 can clear infection by affecting viral RNA syn- 
thesis and stability, replication, and induction of mediators 
such as nitric oxide (29). Such mechanisms, rather than direct 
cytolytic activity, are thought to be the primary means by which 
hepatitis virus and other cytopathic infections are cleared (30). 

When compared to other T cell growth factors, IL-12 ap- 
peared to be the most efficient at enhancing CTL responses. 
IL-2 and IL-15, while partly effective, gave high background 
responses possibly because of effects on IL-2 R3 expressing T 
cells. IL-15 was tested because it can amplify dendritic cell- 
dependent T cell responses (31) and increases antigen-specific 
proliferative T cell responses (19). IL-12 and IL-15 are syner- 
gistic in augmenting NK cell CTL function and EFN-y produc- 
tion (18), but were not evaluated together because of the ob- 
served background activity of IL-15. Besides inducing the 
development of Th2 cells from naive CD4+ T cells, EL-4 can 
augment CTL responses including antiinfluenza CTL re- 
sponses (32), as shown here (Fig. 6). The pathway by which 
IL-4 enhances dendritic cell-dependent CTL responses is not 
known. However, IL-4 is known to prime PBMC for IL-12 
production in response to LPS or S. aureus (33). It is possible 
that the effects of 11^4 seen here are mediated through den- 
dritic cells that have been primed for IL-12 production. IL-7, 
which has been used with dendritic cells to induce CTL re- 
sponses (21) was not effective in our studies. 

Restricted requirements for IL-12 in antiviral responses. 
The regulatory influence of IL-12 on cellular immune re- 
sponses is most striking in animal models of bacterial and pro- 
tozoal infection (reviewed in references 1 and 2). Surprisingly, 
less is known about the role of IL-12 in T cell-mediated resis- 
tance to viral infections. For instance, little is known about 
whether IL-12 plays a role in the development of antiviral 
CD8+ CTLs. 

In two animal models of virus infection, lactate dehydroge- 
nase elevating virus (34) and MCM virus infections (28), either 
message for IL-12 or protein is detected in macrophages and 
splenic cells shortly after infection. However, the primary 
mode of virus clearance, at least in MCMV infection, appears 
to be via NK cells through secretion of IFN7, rather than 
CD8+ T cells. This antiviral pathway is blocked with anti- 
IL-12 antibody or enhanced with administration of low dose 
IL-12 (28). In contrast, CD8+ T cell expansion is unaffected 
by IL-12 neutralizing antibody. In other virus infections IL-12 
is not readily detectable, e.g., LCMV infection, and viral clear- 
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ance is primarily dependent on the activation of CD8+ CTLs. 
While low doses of IL-12 enhance splenic CD8+ T cell numbers 
in LCMV- infected mice and decrease viral replication, cyto- 
lytic activity is not increased (35). Furthermore, the administra- 
tion of anti-IL-12 antibody has no demonstrable effect on late 
T cell responses (28). Thus we would predict that the ability to 
rapidly induce significant IL-12 levels in vivo will determine 
whether NK cells are major contributors to antiviral defense. 

In humans, there is evidence to suggest that IL-12 has a 
critical function in the progression of HIV infection (26). 
PBMCs from patients infected with this virus are deficient in 
their production of IL12, and have suboptimal Thl immune 
responses (36). Addition of 11^12 to T cells in vitro, restores 
recall responses to antigens (19, 26). It is presumed, but not es- 
tablished, that IL-12 deficiency also affects antiviral CD8+ T 
cell development and function. 

In the case of influenza virus, significant levels of IL-12 
were not produced by either macrophages or dendritic cells af- 
ter infection in vitro. IL-12 is reportedly produced in the lungs 
of mice as early as day 3 after infection with influenza virus, 
but it is not known which cells synthesize the cytokine (37). 
Neutralizing anti-IL-12 antibodies increase morbidity in virus- 
infected mice compared with uninjected animals, suggesting 
that the cytokine is essential for a potent antiviral immune re- 
sponse (28). Influenza virus infection is known to elicit IFNy 
production in infected human PBMCs (38). Perhaps CD40L- 
bearing helper T cells are major inducers of IL-12 production 
by dendritic cells in infected lungs. Whether IL-12 is a requi- 
site in vivo for clearance of influenza virus in humans cannot 
be determined from these experiments. Optimal clearing of in- 
fluenza virus after infection likely requires CD8+ CTL effec- 
tor activity (39). 

Applications. IL-12 may be a useful imraunomodulator 
when used in conjunction with dendritic cells, to enhance anti- 
gen-specific class I restricted CD8+ CTL responses in viral in- 
fections and tumors. Peptide pulsed dendritic cells induce pro- 
tective immune responses and also cause tumor regression of 
established metastases (40-42). The concomitant use of IL12 
may reduce the need for large numbers or doses of dendritic 
cells. Similarly, by using dendritic cells, it may be feasible to 
use very low doses of IL-12. Large doses of 11^12 have exhib- 
ited toxicities in both humans and in animals (43). In HIV in- 
fection, PBMC from infected patients demonstrate impaired 
IL-12 production (36). Immunotherapy may be most effective 
in later stages of the disease when CD4+ T cell counts fall and 
CD8+ CTL function declines. Here, IL-12 could concomi- 
tantly enhance virus-specific CTL responses as well as CD4+ 
helper cell responses, the latter as previously described (26). 
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Rapamycin inhibits macropinocytosis and mannose receptor-mediated 
endocytosis by bone marrow-derived dendritic cells 

Holger Hackstein, Tlmucin Taner, Alison J. Logar, and Angus W. Thomson 



dextran by murine bone marrow-derived 
DCs by flow cytometry. The data show 
that (1) at a low, physiologically relevant 
concentration (1 ng/mL), rapamycin im- 
pairs macropinocytosis and mannose re- 
ceptor-mediated endocytosis; (2) the ef- 
fects are independent of DC maturation 
and can be demonstrated specifically in 
Immature CD11c + major histocompatibil- 
ity complex (MHC) class 11'° DCs by 3-cotor 
flow cytometry; (3) Inhibition of endocyto- 
sis is not related to apoptotic cell death; 



and (4) molar excess of the structurally 
related molecule FK506 inhibits the ac- 
tions of rapamycin. The inhibitory effects 
of rapamycin on DC endocytosis were 
confirmed in vivo. To our knowledge, this 
Is the first report that a clinically relevant 
immunosuppressant inhibits DC endocy- 
tosis. (Blood. 2002;100:1084-1087) 
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Dendritic cells (DCs) are professional an- 
tigen-presenting cells (APCs) that use 2 
major pathways for antigen uptake: con- 
stitutive macropinocytosis and mannose 
receptor-mediated endocytosis. Efficient 
endocytosis is critical for DCs to fulfill 
their sentinel function In immunity. We 
investigated the influence of the immuno- 
suppressive macrolide rapamycin on 
macropinocytosis of fluorescein isothlo- 
cyanate (FITC)-albumin and mannose re- 
ceptor-mediated endocytosis of FITC- 

Introduction 

Dendritic cells (DCs) arise from CD34 + bone marrow (BM) stem 
cells and represent a heterogenous population of ubiquitously 
distributed antigen-presenting cells (APCs) that play critical roles 
as initiators and modulators of immune responses.' x Among the 
most striking features underlying the efficiency of DCs as APCs is 
their unsurpassed capacity to take up antigens via constitutive 
macropinocytosis and mannose receptor-mediated endocytosis 3 
and to subsequently process and present major histocompatibility 
complex (MHC)-antigen complexes on their surface. 1 The capac- 
ity of DCs to endocytose and to present antigens is under tight 
developmental control: immature DCs are excellent at internalizing 
antigens but express low surface levels of MHC class II molecules, 
whereas mature DCs down-regulate endocytotic activity and 
up-regulate MHC class II and costimulatory molecules (CD40, 
CD80, CD86) that promote T-cell activation. 1 Anti-inflammatory 
drugs such as corticosteroids 4 or salicylates 5 suppress DC matura- 
tion and as a consequence enhance their endocytotic activity. 
Recent reports point toward Rho family proteins Cdc42 6 and Rac, 7 
as well as aquaporins, 8 as important factors that regulate DC 
endocytosis. Rapamycin is a potent immunosuppressive macrolide, 
isolated from Streptomyces hygroscopicus, that inhibits down- 
stream signaling from the targets of rapamycin proteins (TORs) by 
forming a complex with its intracellular receptor FK506-binding 
protein 12 (FKBP12) and TORs. 9 It is used clinically to prevent and 
treat allograft rejection. 10 * 12 Interaction of the rapamycin-FKBPl2 
complex with TORs results in inhibition of multiple biochemical 
pathways (eg, p70 S6 kinase, cyclin-dependent kinases, transla- 



tional effector proteins) that are critical for cytokine/gfowth 
factor-induced cellular proliferation, ribosome biosynthesis, trans- 
lation initiation, and cell cycle progression into S phase. 9,13 In view 
of the paucity of information concerning the influence of rapamy- 
cin on APC function and its well-documented inhibitory effects on 
protein synthesis, we analyzed the impact of rapamycin on DC 
endocytosis. Our results indicate that rapamycin is an inhibitor of 
DC endocytosis in vitro and in vivo and that molar excess of the 
structurally related immunophilin ligand FK506 partially reverses 
its inhibitory effects. 



Study design 

Generation of BM-derived DCs 

Male C57BL/10J (l-A b ) mice, 8 to 12 weeks old, were purchased from the 
Jackson Laboratory (Bar Harbor, ME). BM-dcrivcd DCs were generated 
and characterized as described, 5 with minor modifications. Briefly, BM 
cells were cultured for 7 days in RPMI-1640 with 10% heat- inactivated 
fetal calf scrum (FCS), L-glutamine, nonessential amino acids, sodium 
pyruvate, penicillin-streptomycin, N-2-hydroxyethy!piperazine-N'-2- 
cthancsulfonic acid (HEPES), 2-mcrcaptocthanol (2-ME) (all from Life 
Technologies, Gaithersburg, MD), 1000 U/mL murine granulocyte- 
macrophage colony-stimulating factor (GM-CSF; Schering-Plough, Ken- 
il worth, NJ) ± 1000 U/mL murine intcrlcukin 4 (IL-4) (R&D Systems, 
Minneapolis, MN). At day 2, 1-100 ng/mL rapamycin (Sigma, St Louis, 
MO) ± 20-250 ng/mL FK506 (Prograf for intravenous use, Fujisawa 
Healthcare, Deerfield, 1L) was added. Every 2 days, 75% supernatant was 
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replaced with fresh cytokinc-containing medium (± rapamycin, FK506). 
On day 4, nonadherent cells were removed; on day 7, ^ 50% of the 
nonadherent cells expressed CD1 Ic. 

In vivo administration of rapamycin 

Rapamycin (Wyeth-Ayerst, Princeton, NJ) was dissolved in 51% wt/vol 
polyethylene glycol 300 (PEG300), 2.5% wt/vol polysorbate 80, 10% 
vol/vol cthanol (vehicle; reagents from Sigma). Chinese hamster ovary 
(CHO) cell-derived rhuman Flt3 ligand (I0u,g/kg/d, intraperitoneally; 
Immuncx, Seattle, WA) was used to expand DCs in mice over a period of 10 
days.' 4 Animals were injected with rapamycin (0.5 mg/kg/d, intraperitone- 
ally) or vehicle at the same times. Spleens were disaggregated with fine 
scissors and passed through a nylon cell strainer (Falcon Bccton Dickinson, 
NJ) to obtain a single-cell suspension. Erythrocytes were lysed with 0.83% 
wt/vol NH 4 CI. 

Endocytosis 

Quantitative analysis of endocytosis was performed as described, 5 with 
minor modifications. Cells (5 X I0 5 ) were incubated with 5 u.g/mL 
FITC-albumin (Sigma) or 0. 1 mg/mL FITC-dextran (MW 42000, Sigma) at 
either 37°C or 4°C for 60 minutes (for in vivo-expanded DCs, 500 u.g/mL 
FITC-albumin and 1 mg/mL FITC-dextran for 40 minutes). Endocytosis 
was stopped by 2 washes in ice-cold 0. 1 % sodium azide/1 % FCS/phosphate- 
buffcrcd saline (PBS). Cells were stained for CD 11c (HL3) and, in some 
experiments, for MHC class II expression (IA b p-chain, 25-9*17) as 
described (monoclonal antibodies from BD PharMingen, San Diego, CA). 5 

Apoptotic cell death 

Apoptosis was analyzed by staining of phosphatidylscrinc translocation 
with FITC-annexin-V in combination with the vital dye 7-AAD (BD 
PharMingen) and detection of DNA fragmentation by terminal dcoxynuclco- 
tidyl transfcrasc-mcdiatcd fluoresccin-2'-dcoxyuridine 5 '-triphosphate 
(dUTP) labeling (TUNEL assay; Roche Molecular Biochcmicals, Indianap- 
olis, IN) according to the manufacturer's instructions. Positive controls 
included deoxyribonuclease (DNase) treatment and ultraviolet C (UVC) 
irradiation (60 J/m 2 ) in the TUNEL and anncxin-V assay, respectively. Cells 
were costained for CD I lc expression and analyzed by means of an EPICS 
XL flow cytometer (Bcckman Coulter, Hialeah, FL). 

Statistics 

Statistical analysis was performed with a 2 -tailed Student t test. Normal 
distribution of values was proved by the Kolomogorov-Smimov test. 
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Figure 1. Rapamycin Inhibits endocytosis by GM-CSF +IL-4-expanded DC. 
(A-D) BM-derived DCs were expanded for 7 days as described in "Study design"; 
rapamycin (Rapa) was added at day 2 (± FK506) at the concentrations indicated. 
FITC-albumin and FITC-dextran internalization at 37'C and 4*C (negative control), 
MHC dass II (IA b p-chain), and CD 11c expression were analyzed by flow cytometry. 
In all experiments, CD1 1c* cells were analyzed to determine endocytosis and MHC 
class (I expression specifically in DCs. (A-C) Numbers indicate the percentage of 
CD11c + cells that were positive for the marker indicated. (D) Data represent mean 
values (£ SE) of CD 11c* ceils after subtraction of background fluorescence (4*C). 
(E) Comparison of total cell and DC numbers on day 7 of culture. (D. E) Differences 
between paired cultures were compared by 2- tailed Student f test for paired samples 
(•P < .05 vs control; ♦ P < .05 vs Rapa 1). (A-D) Results are representative of 4 
(FITC-dextran) and 6 (FITC-albumin) separate experiments. (E) Results are represen- 
tative of 6 separate experiments. 



Results and discussion 

Analysis of GM-CSF +IL-4~expanded, BM-derived DCs har- 
vested at day 7 of culture revealed a reduced capacity of cells 
exposed to rapamycin to exhibit macropinocytosis of FITC- 
albumin and mannose receptor-mediated endocytosis of FITC- 
dextran. This was evident with respect to both the incidence (Figure 
1A, B) and the mean fluorescence intensity (MF1; Figure ID) of 
CDI lc* cells. CD1 Ic is a very reliable marker for murine DCs 15 
and is not expressed in significant amounts by murine macro- 
phages. 516 Because DC maturation is associated with marked 
down-regulation of endocytotic capacity, 3 we questioned whether 
these effects might be related to a stimulatory effect of rapamycin 
on DC maturation. However, rapamycin-exposed CDllc* DCs 
displayed significantly decreased surface MHC class II (Figure IC) 
and costimulatory molecules (data not shown), indicating that they 
were more immature than untreated, control cells. It could be 
argued that the analysis of a fixed number of DCs by fluorescence- 
activated cell sorting (FACS) might mask an inhibitory effect of 
rapamycin on the differentiation of precursor cells into DCs. As 



shown in Figure IE, however, rapamycin inhibited total cell 
expansion in a dose-dependent manner (antagonizable by a molar 
excess of FK506) but did not significantly block the differentiation 
of precursor cells into CD lie* DCs, as evidenced by the compa- 
rable yield of CD1 lc + DCs. Achievement of similar DC yields was 
due to consistently increased percentages of CDllc + DCs with 
characteristic DC morphology in the rapamyc in-treated cultures. 

Because additional experiments indicated that the inhibitory 
effect of rapamycin on DC maturation was IL-4 dependent (H.H., 
T.T., unpublished observations, October 2001), we expanded DCs 
with GM-CSF only. Generation of murine DCs in GM-CSF is a 
well-established culture method. 17 Additionally, to determine more 
precisely the endocytotic activity of homogenous DCs at the same 
stage of maturation, we specifically analyzed immature MHC II 10 
DCs. These experiments confirmed the inhibitory effects of rapamy- 
cin on DC endocytosis and indicated that they were not IL-4 related 
(Figure 2A-C). Again, low concentrations of 1 ng/mL rapamycin 
(1.1 nmol) were sufficient to significantly and markedly suppress 
endocytotic activity. When 1 ng/mL rapamycin was used, the 
relative MFI of immature MHC class II !o CD1 Ic* DCs compared 
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and 53% for FITC-albumin and FITC-dextran, respectively at 5 
ng/mL rapamycin). 

Binding of rapamycin to FKBP12 and TOR inhibition can be 
antagonized in vitro by the structurally related immunophilin 
ligand FK506. 19 - 20 Whereas FK506 alone (20 ng/mL) did not 
interfere with DC endocytosis (data not shown), addition of 
20 ng/mL FK506 to 1 ng/mL rapamycin (22.3-fold molar excess) 
antagonized the inhibitory effects of rapamycin, indicating that 
these were related to FKBP12-mediated TOR inhibition (Figures 
I A, B; 2A-C). However, the antagonistic effect of FK506 was 
incomplete, especially with respect to mannose receptor-mediated 
endocytosis. Similar results were obtained over a wide range of 
drug concentrations (1-20 ng/mL rapamycin, 1 0-250 ng/mL FK506) 
and at different FK506/rapamycin ratios (10-55 molar). This 
suggested that other FKBPs might also be involved in endocytosis 
inhibition. One candidate is FKBP25, which has > 100 times 
greater binding affinity for rapamycin than FK506. 21 

Having established that rapamycin inhibited DC endocytosis, 
we analyzed whether this effect was due to increased apoptotic cell 
death. In contrast to a recent report, 22 the incidence of apoptosis at 
day 7 of culture was consistently low (< 1 0%) and was not affected 
significantly by rapamycin, even at a suprapharmacological dose of 
100 ng/mL, as determined independently by annexin-V/7-AAD, 
and TUNEL staining (Figure 2D, E). Similar results were obtained 
with GM-CSF+IL-4-expanded DCs and at day 4 of culture (data 
not shown). To investigate the in vivo relevance of DC endocytosis 
inhibition, we analyzed endocytotic activity in splenic DCs of 
animals that were injected with rapamycin (0.5 mg/kg/d for 10 
days, ip) or vehicle and in which DCs were expanded with FIG 
ligand as we have described. 14 After 10 days, the animals were 
killed and FITC-albumin and FITC-dextran uptake by freshly 
isolated splenic CDllc + DCs was analyzed. The phenotype of 

A . Control 4°C . Control: 



Figure 2. Rapamycin inhibits endocytosis by GM-CSF-expanded immature 
BM-derived DCs. (A-E) BM-derived DCs were expanded for 7 days with GM-CSF 
only, as described in "Study design"; rapamycin (Rapa) was added at day 2 [± 
FK506) at the concentrations indicated. (A-C) FITC-albumin and FITC-dextran 
internalization at 37X and 4'C (negative control). MHC class II (IA b B-chain), and 
CD11c expression were analyzed by 3-cotor flow cytometry. CD11C 1 MHC class U 10 
cells were gated to determine endocytosis specifically in immature DCs. Regions R1 
and R2 show endocytotic activity of immature MHC dass IP 0 and mature MHC class 
li* DCs, respectively. (A, B) Numbers indicate the percentage of CD11c* MHC dass 
ll to cells positive for the marker indicated. (B. C) Data represent mean values (i SE) 
of CD11c v MHC dass IH 0 cells after subtraction of background fluorescence (4'C). 
Differences between paired cultures were compared by the 2 -tailed Student t test for 
paired samples (*P s .01 vs control; ♦ P < .05 vs Rapa 1). (D, E) Apoptosis of 
CO 11c* DC was determined by annexin-W7-AAD staining (D) and the TUNEL assay 
(E). Numbers represent mean values (± SE). Incidences of apoptotic (annexin-V 
positive/7-AAD negative or TUNEL positive) or secondary necrotic (annexin-V 
positive/7-AAD positive) cells were consistently tower than 10%. There was a trend 
toward decreased apoptosis/cell death in rapamycin- treated cultures, but the differ- 
ences were not statistically significant. (A-C) Results are representative of 4 separate 
experiments. (D, E) Results are representative of 2 {TUNEL assay) and 3 (annexin-V/ 
7-AAD assay) separate experiments. 



with controls was < 42% and < 32% with respect to FITC- 
albumin and FITC-dextran, respectively (Figure 2C). Given that 
mean trough whole blood levels of rapamycin in patients are 17.3 
ng/mL (5 mg rapamycin/d) 1 * and that the free plasma fraction is 
8%, these concentrations are clinically highly relevant When 
rapamycin was added at day 6 of culture, it still inhibited DC 
endocytosis, but the overall effect was weaker (relative MFI 69% 
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Figure 3. In vivo administration of rapamycin Inhibits endocytosis by Flt3 
iigand-expanded splenic DCs. (A-C) DCs were expanded in vivo with F1t-3 ligand 
and animals were injected with either rapamycin or vehicle, as described in "Study 
design." Endocytotic activity was measured by analyzing FITC-albumin uptake at 
37*C and 4*C (negative control) and relative MFI in comparison with animals injected 
with vehicle only. Results are representative of 6 animals per group and were 
obtained in 5 independent experiments. Differences between the groups were 
compared by the 2-tailed Student t test for independent samples. Simitar findings 
were obtained with respect to FITC-dextran uptake, as described in "Results and 
discussion." 
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these DCs was immature in both treatment groups. As shown in 
Figure 3, CDllc + DC of rapamycin-treated animals displayed 
significantly reduced macropinocytotic activity, with respect to 
both the number of positive cells and the relative MFI (P = .001 
and P = .002, respectively). Similar findings were obtained with 
respect to FITC-dextran uptake (41.5% positive cells vs 24.8% in 
rapamycin-injected animals, P < .05; relative MFI 74.7%, 
P < .05). 

The results of this study suggest that rapamycin can interfere 
with immune responses at a very early stage by inhibiting DC 
endocytosis. Thus, rapamycin targets a unique function of DCs that 
influences the induction of immunity against microbial pathogens 
(eg, Salmonella 2 *) and allergens. 24 This effect may also suppress 
indirect alloantigen processing following transplantation. 

The precise mechanisms by which rapamycin inhibits DC 
endocytosis remain to be determined. In this context, it is important 
to note that the Rho GTPases CDC42 and Rac that interfere with 
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Abstract 

Dendritic cells (DC) are potent antigen-presenting cells derived from CD34 bone marrow stem cells. 
They undergo a series of maturational steps that allow them to stimulate primary T cell responses. 
Several cytokines are known to contribute to this process. In this study murine DC maturing from 
bone marrow progenitors under the influence of granulocyte macrophage colony stimulating factor 
and tumour necrosis factor-a were found to produce IL-12 as measured by EUSA and by flow 
cytometry to detect intracellular cytokine. Administration of additional IL-12 from day 3 to 7 of 
culture altered the function and phenotype of DC; enhanced stimulation of T cell proliferation by 
DC in allogeneic mixed leukocyte reactions was associated with an increase in the surface 
expression of CD80 on DC. These effects were dose dependent, and were consistently seen with 
IL-12 at 25 ng/ml and were less marked with IL-12 at 50 ng/ml. These results show that IL-12 is 
both produced by DC and can increase their stimulatory capacity. The findings suggest that there 
may be an autocrine effect of IL-12 on DC maturation and function. 



Introduction 

Bone marrow-derived dendritic cells (DC) are specialized to 
acquire and process antigens in peripheral tissues. They 
transport antigen via the afferent lymphatics to lymph nodes, 
and mature and up-regulate histocompatibility antigens and 
co-stimulatory molecules such as CD40, CD80 and CD86. In 
the lymph nodes, DC have less capacity to process antigen 
but possess the unique ability to activate naive T cells. DC 
are also efficient stimulators of secondary T cell immune 
responses (1). 

IL-12 is a heterodimeric cytokine composed of covalently 
linked p35 and p40 subunits encoded on two separate genes 
(2). The p35 mRNA is constitutively expressed by a variety 
of cell types, whereas p40 expression is correlated with the 
production of bioactive p70 by antigen-presenting cells (3). 
IL-12 is secreted in three main forms, i.e. the p70 heterodimer, 
p40 homodimers and p40 monomers. The function of the p40 
moieties is not yet established in vivo. However, p70 enhances 
the proliferation and cytolytic activity of NK cells and T cells, 
and stimulates IFN-y production by these cells. DC produce 
IL-12 which promotes the development of CD4 T h 1 cells from 
naive T cells (4-6). CD40 ligation on DC enhances both their 



maturation and stimulatory capacity in the mixed lymphocyte 
reaction (MLR) and induces the production of IL-12 in these 
cells (7-9). Since cytokines can amplify the antigen-presenting 
function of DC, it is possible that IL-12 could play a direct 
role in this process. 

The aims of this study were (i) to see if bone marrow- 
derived DC produce IL-12 at different time points during 
maturation, and (ii) whether IL-12 administration during DC 
maturation altered cell numbers, phenotype and function. 

Materials 

Mice 

Specific pathogen-free female BALB/c and CBA mice, 6-10 
weeks old, were obtained from Northwick Park Institute for 
Medical Research. 

Media and reagents for cell culture 

The culture medium (CM) was RPM1 1640 (Dutch modification; 
Sigma, Poole, UK) supplemented with 10% FCS (Gibco, 
Paisley, UK), 100 U Penicillin (Gibco). 100 jig/ml streptomycin 
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(Gibco), 2 mM glutamine (ICN Flow, Irvine, UK), 2 mercapto- 
ethanol 10 -6 M (Sigma). Wash medium was identical to the 
CM but contained bicarbonate-buffered RPMI 1640 instead 
of the Dutch modification. Granulocyte macrophage colony 
stimulating factor (GM-CSF) and tumour necrosis factor (TNF)- 
ct (R & D Systems, Oxford, UK) were used at concentrations 
of 100 and 50 U/ml respectively. IL-12 was a generous gift 
from Dr M. Gately (Roche Discovery, Nutley, NJ) and was 
used at 10-50 ng/ml. 

DC 

DC were derived from bone marrow precursors as previously 
described (10). Briefly, bone marrow was obtained from the 
femura and tibiae of BALB/c mice. Mononuclear cells were 
isolated by centrifuging on Lympholyte M (Cedarlane, Hornby, 
Ontario, Canada). The interface cells were collected, washed 
and suspended in CM at a concentration of 10 6 cells/ml, and 
GM-CSF and TNF-a were added. After a 2-4 day incubation 
the non-adherent cells were centrifuged at 600 g over metriz- 
amide (Nyegaard, Oslo, Norway; 13.7% w/v) to collect the 
low-density cell population (LDC) in which DC are found. The 
LDC were resuspended in CM at a cell concentration of 5- 
10x 10 s cells/ml supplemented with GM-CSF and TNF-a. IL- 
12 at a concentration from 10-50 ng/ml was then added to 
the cultures. The medium was changed every 2-3 days and 
IL-12 together with the other two cytokines were replenished 
over the next 5 days. After a total of 10-14 days of culture 
the non-adherent cell population was again centrifuged over 
a metrizamide gradient, and the LDC washed and suspended 
in CM. DC numbers were estimated by light microscopy and 
Trypan blue was used to estimate cell viability. Normal cell 
viability was 95-100%. 

Flow cytometry 

The DC were labelled with directly conjugated FJTC mAb: 
mouse l-A d (clone AMS 32. 1 , lgG2b), mouse H-2D d (clone 34- 
2-12, lgG2a), hamster anti-mouse CD1 1c (clone HI3, hamster 
IgG), hamster anti-mouse CD54 (clone 3E2, hamster IgG) and 
rat anti-mouse CD11a (clone C71/16, rat lgG2a). Biotinylated 
mAb employed were: rat anti-mouse CD40 (clone 3/23, rat 
lgG2a), rat anti-mouse CD80 (clone 1G10, rat lgG2a), rat 
anti-mouse CD86 (GL1, lgG2a), rat anti-mouse CD8 (clone 
ABC, rat lgG2a), hamster anti-mouse CD95 (clone Jo2, 
hamster IgG) and rat anti-mouse IL-12 (clone C17.15, rat 
lgG2a). The FITC-conjugated antibodies were purchased 
from PharMingen (San Diego, CA). The biotinylated IL-12 
antibody was obtained from Genzyme (Cambridge, MA) and 
the other biotin antibodies were obtained from PharMingen. 
Avidin-FITC and streptavidin-phycoerythirn (PE) (Becton 
Dickinson, Mountain View, CA) were used to label the biotinyl- 
ated antibodies. 

Twenty percent FCS in FACScan buffer was used to prevent 
non-specific antibody binding. FITC-conjugated and biotinyl- 
ated mAb were added to the LDC and the samples were left 
on ice for 30 min. The cells were then washed in FACScan 
buffer and avidin-FITC was added. After 20 min these samples 
were washed and 50 uJ of 1% paraformaldehyde added for 
overnight fixation. Fluorescence profiles were generated on 
a FACScan flow cytometer (Becton Dickinson). Histogram 
and density plots were produced by the CellQuest (version 



1 .0) software package. Viable DC were selected after gating 
on forward and side scatter with dead celts excluded by 
propidium iodide staining. The cells which were selected in 
the gate set around the DC cluster expressed high levels of 
MHC class II, and were stained by murine markers for DC 
such as NLDC-145, 33D1 and CD1 1c as previously described 
(10). Several antigens were not detected including CD19 (B 
cells), CD3e (T cells) and CD115 (macrophages). Ninety 
percent of the selected cells expressed the murine-specific 
DC marker NLDC-145. The user parameters set for experi- 
ments involving control and IL-12-treated DC were as follows: 
FSC linear 5.67. SSC log 242 and FL1 log 460. 

Intracellular flow cytometry 

Monensin at a concentration of 1.5 mM was added to 5- 
10X10 5 LDC to ensure intracellular cytokine retention. The 
LDC/monensin preparation was incubated for 6 h at 37°C. 
The cells were then washed twice in FACScan buffer con- 
taining 20% FCS. Cytoperm A (Serotec, Oxford, UK) was 
added, the cells kept at room temperature for 15 minutes for 
fixing and then washed again in FACScan buffer with 20% FCS. 
Cells were then exposed to permeabilizing agent. Cytoperm B 
(Serotec), at room temperature for 15 min. The cells were 
then double labelled at room temperature for the p40 subunit 
of IL-12 (rat anti-mouse lgG2a; Genzyme) and murine DC- 
specific markers NLDC-145 (cell line rat lgG2a) and 33D1 
(cell line rat lgG2b). The fluorescent cytokine profiles were 
generated on the FACScan flow cytometer as described 
above. The user parameters for these experiments were FSC 
linear 5.67, SSC log 242. FL1 log 440, FL2 log 475. and 
compensation FL1-FL2 0.6 and FL2-FL1 29.5. 

Lymphocyte proliferation assays 

Lymphocyte proliferation assays were performed in 20 \i\ 
hanging drop cultures on inverted Terasaki plates (11). CBA 
lymph nodes were pressed through a wire gauge in medium, 
washed once and used as responder cells for the BALB/c- 
derived bone marrow DC. On day 3 the cultures were 
pulsed with 1 ng/ml [ 3 H]thymidine with a sp. act. of 2 Ci/mM 
(Amersham International, Amersham. UK) for 2 h and then 
transferred by blotting on to filter discs. The thymidine uptake 
into proliferating cells was measured in the acid-insoluble 
fraction on the filter discs in a liquid scintillation counter 
(Canberra Packard 2000 CA Tri-Carb). This technique gives 
values that are lower than usual in the 200 uJ culture systems, 
but they reflect accurately the DNA synthesis occurring 
in these cultures. Data points for each experiment shown 
represent the mean c.p.m. of triplicate cultures. ANOVA and 
Student's Mest were used to identify significant effects. 

Cytokine measurement 

IL-12 p70, IL-12 p40, IFN-y and IL-4 levels were determined 
by the Intertest solid-phase EL ISA kit (Genzyme). Microtiter 
plates were coated with specific antibodies to capture the 
cytokine of interest in cell culture supernatants. A second 
layer antibody was then added. The detection of bound 
cytokine was achieved using a horseradish peroxidase-con- 
jugated antibody and a colour substrate. Cytokine concentra- 
tions were determined with a standard curve derived from 
known amounts of the relevant cytokine using absorbance 
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readings at 450 nm on a spectrophotometer. There was no 
interference from p40 in the culture supernatants with the p70 
heterodimer. The lower limits of detection for IL-12 were 10 
pg/ml for p40 and 5 pg/ml for p70 and the other cytokines. 

Results 

DC derived from bone marrow preparations secrete IL- 12 

The presence of IL-12 in supernatants from maturing LDC 
(10 6 cells) was assessed on day 5 and 8 of culture. IL-12 
p40 was found in excess of IL-12 p70 as previously described 
(6). The values on day 5 were 120 pg/m! of IL-12 p40 and 20 
pg/ml of IL-12 p70. Three days later the amounts of IL-12 
p40 and IL-12 p70 had increased to 150 and 24 pg/ml 
respectively. Similar values for IL-12 were found on repeat 
experiments. There were no lymphocytes observed in these 
cultures on light microscopy, which was confirmed on flow 
cytometry using the T and B cell markers CD3c and CD19. 
I FN-? and IL-4 and I L- 10 were not detected in culture supernat- 
ants at these time points. 

Flow cytometry was used to detect intracellular cytokine 
production by DC derived from bone marrow precursors. IL- 
12 p40 was identified in cells which express DC markers (Fig. 
1). A higher proportion of the cells labelled with NLDC than 
33D1 as previously described (10). Almost all the cells 
producing IL-12 were positive for NLDC and most labelled 
with 33D1. Eighteen percent of the NLDC-labelled cells and 
38% of the 33D1 positive cells were positive for IL-12 p40. 
Non-specific intracellular binding by the p40 antibody was 
excluded by showing that IL-12 p70 in excess inhibited 
intracellular p40 labelling and there was no labelling for IL- 
12 p40 in the absence of monensin (Fig. 1). In addition, an 
isotype antibody (rat anti-mouse lgG2a) was also used as a 
negative control for IL-12 p40 (data not shown). 

IL- 12-treated DC exhibit differences in cell surface phenotype 
and function 

IL-12 administration did not alter the proportion or numbers 
of DC derived from bone marrow progenitors as assessed by 
light microscopy and flow cytometry (data not shown); there 
was no evidence for any toxic effects of IL-1 2 at the highest 
dose. The effect of IL-12 administration at 10, 25 and 50 ng/ 
ml on the surface phenotype of DC after 10-14 days of culture 
was examined by flow cytometry. A most striking finding was 
that 25 ng/ml of IL-12 up-regulated cell surface expression 
of CD80 on DC. The geometric mean fluorescence intensity 
of the control DC was significantly higher following IL-12 
treatment with 25 ng/ml, e.g. 39. 1 compared with 59.9 (Fig. 2). 
The influence of 50 ng/ml of IL-12 on CD80 expression on 
DC was more variable; in some experiments (three out of 10) 
CD80 expression was also increased (data not shown). There 
were no reproducible differences in CD80 expression with 
the lowest dose of IL-12 (10 ng/ml) and mean fluorescence 
from labelling with a number of other antibodies showed no 
reproducible differences with any dose of IL-12 (Rg. 2). 

DC treated with IL-12 at 25 ng/ml stimulated higher levels 
of T cell proliferation than untreated cells (Rg. 3). DC treated 
with 50 ng/ml usually did not increase T cell proliferation in 
the MLR (seven out of 10 experiments), although in the three 
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Fig. 1. Row cytometry to measure Intracellular IL-12 In DC was 
performed using double labelling with a biotinytated IL-12 p40 
antibody and NLDC or 33D1 as markers for DC as indicated on the 
axes. Controls for IL-12 p40 labelling were DC incubated with excess 
IL-12 p70 and cells prepared in the absence of monensin which both 
showed little labelling, and the results are presented for the cells 
labelled with NLDC. The percentage of the total cell population that 
was positive for both markers is indicated. 
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Fig. 2. DC derived from bone marrow progenitors were treated from 3-7 days of culture with medium control or IL-12 at 25 ng/ml. After a total 
of 10 days of culture DC were labelled with different antibodies. The number of cells (ordinate) with different levels of fluorescent labelling 
(abscissa) are shown for cells exposed to an isotype control (open histogram) or to a specific antibody (filled histogram). Representative of 
three experiments performed. 



experiments where CD80 expression was elevated there was 
an increase in the stimulatory capacity of these cells. Results 
from one experiment where IL-12 treatment at 25 and 50 ng/ 
ml both increased expression of CD80 T cell proliferation are 
shown in Fig. 3(B). The effect of IL-12 dosimetry is indicated 
as even in this experiment IL-12 treatment at 50 ng/ml was 
less effective than IL-12 at 25 ng/ml in T cell stimulation with 
1000 DC. IL-12 treatment at 10 ng/ml was associated with a 
reduction in T cell proliferation in the MLR proliferation but 
this did not reach statistical significance (Fig. 3B). 



Discussion 

IL-12 administration at 25 ng/ml to maturing LDC increased 
the surface expression of CD80 which was associated with 
an increase in stimulation of T cell proliferation by DC in the 
MLR. This work also confirms the finding that IL-12 can be 
secreted by DC in cultures of LDC developing from bone 
marrow cells (6). The results raise the concept that IL- 
12 produced by the DC themselves could influence their 
maturation; slight variability in the level of endogenously 
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Fig. 3. (A) DC derived from bone marrow progenitors were treated 
with medium or IL-12 at 25 ng/ml from day 3 to 7 of culture. After a 
total of 10 days culture DC were incubated with CBA lymph nodes 
responder cells in 20 uJ 'hanging drop' cultures. Lymphocyte 
proliferation was determined from the uptake of [ 3 H]thymidine for 2 h 
on day 3 of culture. The graph shows results from one of four similar 
experiments: A. control DC; IL-12-treated DC. Lymph node cells 
alone gave counts of <50 c.p.m. Differences in stimulation of T cell 
proliferation by control DC and IL-12-treated DC were statistically 
significant In all experiments (P < 0.05). (B) DC were treated with 
different doses of IL-12 and the MLR were performed as described 
above. Graph shows the response of 10 s CBA lymph node responder 
cells to stimulation by different doses of control DC (C) or DC treated 
with IL-12 at 10 (10), 25 (25) and 50 (50) ng/ml. Similar responses 
were observed with lower lymph node cell concentrations. The mean 
fluorescence for CD80 labelling of DC used in this lymphocyte 
proliferation assay was control, 52.8; IL-12, 10 ng/ml. 32.5; IL-12, 25 
ng/ml, 96.5; and IL-12, 50 ng/ml, 72.9. 



produced IL-12 might contribute to the greater variability in 
the effects of higher doses of added IL-12. 

There is conflicting data on whether maturing bone marrow 
DC secrete IL-12 independently of T cell contact. Heufler and 
colleagues detected IL-12 p40 and p70 in supernatants of 
bone marrow-derived DC, whereas Winzler and her associates 
only detected bioactive IL-12 after antigen presentation to T 



cells (6,12). One reason for this discrepancy may well lie in 
the methods used to generate DC from bone marrow pro- 
genitors as DC in this and the Heufler study were more mature 
than the cells used by Winzler; the ability of DC to produce 
IL-12 may be proportional to the maturational stage of these 
cells. This current study shows that IL-12 administration in vitro 
can influence the maturation and immunostimulatory function 
of DC independently of T cell contact. 

IL-12 is likely to act directly on DC since there were 
few contaminating cells. In addition, DC are the principal 
stimulatory cells in the MLR and macrophages show little or 
no activity in this lymphocyte proliferation assay supporting 
the evidence of an effect directly on DC (13,14). Some of the 
differences in T cell proliferation observed with the highest 
doses of IL-12 may again reflect underlying variation in 
endogenous IL-12 production by DC in different cultures. In 
addition to any autocrine effects of IL-12 on DC function, the 
amount of IL-12 that these cells produce may influence 
the magnitude of T cell proliferation observed in MLR. The 
mechanisms by which exogenous and endogenous IL-12 
may interact to enhance the antigen-presenting capacity of 
DC remains to be determined. 

This work adds IL-12 to the growing numbers of cytokines 
that can influence antigen presentation by DC. Short-term 
culture with GM-CSF enhances the stimulatory capacity of 
skin DC in the MLR (15,16). TNF-a enhances the maturation 
and allostimulatory capacity of DC in long-term murine bone 
marrow cultures (12). IL-1a administration has been shown 
to enhance T cell proliferation in the MLR by spleen, thymus 
and skin DC (15,17,18). Since IL-12 is produced by DC, it 
may have an autocrine effect on DC maturation and function 
in the MLR; this contrasts with IL-1a, which is neither produced 
by DC nor detected in allogeneic MLR (19,20). 

Two previous studies had suggested that IL-12 may influ- 
ence DC antigen-presenting function to T cells, although 
neither provided any experimental evidence for this. Using 
BALB/c mice transgenic for V a 11 and V & 3 as a model to 
examine the development of T h 1 cells it was proposed that 
IL-12 and IFN-ycould provide a stimulus to antigen-presenting 
cells to promote IFN-y secretion by CD4 lymphocytes (21). 
Secondly, Enk and colleagues proposed that IL-12 release 
from human keratinocytes after exposure to allergen could 
modify antigen presentation by Langerhan cells during 
primary immune responses in the skin (22). 

Changes in cell surface expression of CD80 are known to 
influence T cell stimulation by DC. Administration of GM-CSF 
in vitro to Langerhans cells and other tissue DC increases 
their ability to stimulate T cell proliferation in allogeneic MLR 
via CD80 up-regulation (23). On the other hand, IL-10 can 
inhibit antigen presentation by Langerhans cells to CD4 T h 1 
lymphocytes in BALB/c mice by suppressing their CD80 
expression (24). One possible explanation for the increase in 
T cell proliferation by IL-12-treated DC is that T h 1 cells are 
dependent on CD80 for their continued stimulation, as it has 
been shown that CD80 synergizes with IL-12 to produce IL- 
2 receptor in murine T h 1 clones (25). It needs to be established 
how IL-12 treatment increases the expression of CD80 on 
DC. Whether IL-12 acts directly on DC via its receptor 
and Jak-STAT family of transcription molecules or indirectly 
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through the secretion of IFN-y and TNF-a remains to be 
determined. 

The action of IL-12 on DC function may partially explain its 
mechanism of action in the treatment of infectious diseases 
and cancer as well as its role in the induction of organ- 
specific autoimmune diseases. Addition of IL-12 to peripheral 
blood mononuclear cells obtained from HIV-infected indi- 
viduals restores the proliferative responses by T cells to a 
number of different stimuli (26). As DC infection by HIV can 
lead to reduced T cell proliferation, it has been proposed that 
IL-12 may be acting on DC to restore their function in this 
disease (27). The possibility that IL-12 can influence antigen 
presentation by DC was also suggested by two papers which 
showed that IL-12 treatment in vitro can enhance the ability 
of DC to induce anti-tumour activity in vivo (28,29). IL-12 has 
also been implicated in the development of autoimmune joint 
and central nervous system disease (30). Substitution of 
Mycobacterium tuberculosis by IL-12 can induce severe 
arthritis in DBA/1 mice injected with Freund's incomplete 
adjuvant and type II collagen, suggesting that IL-12 is acting 
on antigen-presenting cells (31). Increased expression of IL- 
12 p40 and CD80 has been described in neuronal plaques 
of patients with multiple sclerosis, which again suggests that 
IL-12 may also be acting on antigen-presenting cells in 
addition to T cells in this disease (32). The amount of 
endogenous IL-12 production by DC may have contributed 
to the effects observed with IL-12 in these studies. Localized 
production of IL-12 by DC may have either additive or 
synergistic effects on the systemic administration of IL-12. 
This could be an important contributor to the outcome of IL- 
12 therapy in infectious diseases and cancer, and susceptibil- 
ity to autoimmune diseases. 

IL-12 has complex effects on haematopoesis. In vitro admin- 
istration of IL-12 directly increases the numbers of CD34 bone 
marrow stem cells and their myeloid progeny in synergy with 
other growth factors such as stem cell factor (SCF) or IL-3 
(33). IL-12 in vivo decreases peripheral blood counts and 
bone marrow cellularity largely via I FN-y induction (34). In this 
in vitro study IL-12 had no significant effects on DC numbers 
derived from bone marrow progenitors. The differences 
between this work and other in vitro studies may be that IL- 
12 shows little synergy with GM-CSF in promoting haemato- 
poesis. Further studies examining IL-12 administration in 
combination with SCF are needed to determine if this cytokine 
can alter in vitro DC yields from bone marrow-derived pre- 
cursors. 

In conclusion, this study demonstrates that bone marrow- 
derived DC secrete IL-12 p40 and p70, and that IL-12 
administration can alter their phenotype and function. The 
effect of IL-12 on antigen presentation of DC could be used 
to enhance the effectiveness of vaccines, and could also 
underlie some of its therapeutic action in the treatment of 
infectious diseases and cancer. 



Abbreviations 

DC dendritic cell 

GM-CSF granulocyte macrophage colony stimulating factor 
LDC low-density cell population 

MLR mixed lymphocyte reaction 



SCF stem cell factor 

TNF tumor necrosis factor 
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